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Crew  Escape 
Search  and  Rescue 
Operations  Analysis 


A study  was  conducted  to  assess  the  potential  operational  practicality  of 
an  Advanced  Crew  Escape  and  Rescue  Capability,  AERCAB.  The  AERCAB  concept  offers 
the  advantage  of  a fly-away  escape/rescue  capability  for  i crew rentier  following 
conventional  ejection  froa  a fighter-type  corbat  aircraft.  Five  primary 
questions  are  addiessed:  Is  an  AERCAB  systea  operationally  effective? 
operationally  practicable?  technically  feasible?  technically  practicable? 
cost  effective? 


A wethcdology  for  evaluating  fcne  AERCAB  as  an  esec pe/rescue  concept  wss 
established  and  forajlated  Into  c ccrput er  program.  *-4  effectiveness 
evaluations  »ere  conducted  In  selected  coafcat  sce'erUs.  It  was  determined  that 
the  west  Important  A£RCAB  design  parameter  and  its  greatest  asset  Is  range 
capability*  Analysis  of  an  SEA  scenario  Indicated  that  use  of  the  AERCAB  tystes 
In  conjunction  with  the  Coabat  Search  and  Rescue  'c-ces  would  have  resulted  in 
acre  ejected  air  cre*»»«bers  being  rescued  and  therefore  fewer  POW's  and  lower 
crexveefeer  replacement  costs.  Other  conbat  scenarios  are  developed  and  analyzed 

Analyses  were  conducted  to  determine  A|RCWFT/A£?CAB  Integration 
compatibility  and  configuration  design  information  necessary  for  evaluating 
system  effectiveness,  performance,  and  costs.  The  AERCAB  appears  rare 
practicable  for  new  aircraft  where  retrofit  design  problems  and  aircraft 
codification  costs  are  not  a factor. 
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FOREWORD 

This  report  was  prepared  by  the  Recovery  and  Crtw  Station  Branch  of 
the  Air  Force  Flight  Dynamics  Laboratory  under  Project  1961,  ’Advanced 
Crew  Escape  and  Rescue  Capability  (AERCAB).-  This  study  was  accocplished 
at  the  direction  of  the  Secretary  of  the  Air  Force  for  Research  and 
Oevelooment.  Funds  were  provided  by  Hq  USAF.  The  study  was  begun  In 
September  1972  and  completed  In  October  1973. 

Project  management  and  technical  and  a del  nl  strati  ve  responsibility 
were  In  the  Vehicle  Equipment  Division,  Air  Force  Flight  Dynamics 
laboratory,  with  Mr.  R.  Harley  Walker,  Jr.  (AFFDl/FER)  as  Program 
Manager. 

This  report  is  a cocpilation  of  the  accooplishnents  and  findings  of 
four  work  efforts  conducted  separately  by  three  contractors  and  an  AFFDL 
technical  teao.  An  evaluation  methodology,  a computer  pro  gran,  and  an 
effectiveness  evaluation  of  the  AERCAB  concept  were  performed  by  the 
Caywood-Schiller  Division  of  A.  T.  Kearney.  Inc.,  100  South  Hacker  Drive, 

Chicago,  Illinois  6C506,  under  Contract  F33615-72-C-1668.  P00002.  A 
Rigid  Wing  AERCAB  configuration  design  effort  was  conducted  by  the  Parsons 
Corporation  of  California,  A HITCO  Company,  3437  South  Airport  Hay, 

Stockton,  California  under  Contract  F33615-73-C-3120.  An  Investigation 

to  determine  guidance,  navigation,  and  control  subsystem  feasibility  for 

the  AERCAB  was  conducted  by  The  Analytic  Sciences  Corporation  (TASC),  j 

€ Jacob  Hay,  Reading,  Massachusetts  01B67,  under  Air  Force  Avionics  ’ 

laboratory  Contract  F3361S-72-C-1787.  A technical  and  preliminary  cost 

analysis  of  AERCAB  configurations  was  conducted  by  engineers  from  the 

Phototype  Division  (AFFDl/PT).  Technical  reports  were  prepared  giving 

the  details  of  the  work  conducted  under  each  of  these  contracts,  and 

these  reports  are  referenced  herein.  Special  thanks  are  due  to  Ray  E. 

Fredette  and  Nathan  l.  Stemberger  (AFFDL/PT)  for  th»ir  participation  In 
the  in-house  analyses  and  Capt  S.  Schwam,  AFAL,  for  Ms  assistance  with 
the  Avionics  study. 
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Mr.  Stephen  R.  Mehaffle,  AFFDL/FER,  assisted  in  ell  technical  aspects 
of  the  program  and  personally  organized  SEA  aircraft  combat  damage  data 
Into  a meaningful  rescue  scenario. 

! 

The  authors  wish  to  acknowledge  the  attention  and  Interest  given  this 
study  by  LTC  y.  Baird,  AFSC/DLFF;  ITC  V.  Oande-,  AFSC/XRLA;  LTC  H.  Webb, 

ASD/XRL;  LTC  J.  Vallone  and  Major  D.  Adamson,  MAC;  Mr.  T.  Thonasson, 

NASC:  and  Mr.  W.  Bollinger,  KAOC. 

This  report  Is  published  In  two  volutes.  Volire  I entitled, 

•Study  of  an  Advanced  Crew  Escape  and  Rescue  Capability  (AERCAB)"  Is 

unclassified.  Volune  II  (sane  title)  Is  classified  SECRET.  j 

« 

This  report  was  submitted  by  the  authors  in  tv,«eet>er  1973.  ' 
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SECTION  I 

INTRODUCTION  AND  SUMMARY 


1.  PROGRAM  OBJECTIVE 

This  report  documents  the  results  of  an  extensive  analytical 
investigation  conducted  with  t**e  pH -ary  objective  being  to  assess  the 
potential  operational  practicality  of  an  Advanced  Crew  Escape  and  Rescue 
Capability,  AERCAB.  The  AERCA3  concept  offers  the  advantage  of  a fly-away, 
escape/sc »f- rescue  capability  for  tne  crewmember  following  conventional 
ejection  from  a fighter-type  corbat  aircraft. 

2.  PROGRAM  ACCOMPLISHMENTS 

The  AERCAB  concept  was  analyzed  in  various  combat  environments  and 
the  results  were  conpared  to  conventional  escape  and  rescue  capabilities. 
The  advantages  of  using  the  AERCAB  system  for  pilot  recovery  were 
defined. 

The  rescue  environment  and  functional  requirements  for  the  AERCAB 
were  defined  through  selection  of  >p:c'.ric  combat  scenarios  and 
operational  criteria  established  for  the  defined  rescue  environment. 
Capabilities  of  the  AERCAB  system  when  operating  in  selected  scenarios 
were  deternlned.  Tradeoffs  were  performed  to  select  optirm  operational 
conditions  and  show  the  effects  on  probability  of  rescue.  AERCAB 
configuration  performance  tradeoffs  were  defined,  and  integration  and 
perforrunce  analysis  with  respect  to  the  F-4  and  A-7  aircraft  were 
Included. 

Configuration  design  for  a deployable  rigid  wing  AERCAB  vehicle  •zzz 
developed  and  analyzed.  A methodology  and  associated  procedures  and 
techniques  for  accomplishing  AERCAB  effectiveness  evaluations  were 
developed,  and  a preliminary  cost  analysis  is  presented. 
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Detailed  guidance,  navigation,  and  control  techniques  applicable  to 
an  AERCAC  system  were  defined.  Relative  costs  are  developed  and  compared 
with  projected  G,  ?l,  and  C subsystem  accuracies  Previous  AERCA6 
developments  we-e  vatagorieed  and  are  presented  where  relevancy  exists. 

3.  BACKGROUND 

As  o result  of  rescue  deficiencies  evident  fron  the  SEA  conflict, 
new  methods  were  sought  which  would  increase  the  probability  of  rescuing 
aircrewnen  forced  to  abandon  their  aircraft  over  er.amy  territory.  To  a 
major  extent,  potential  methods  ant  based  cn  the  hypothesis  that  if  the 
descent  of  the  escaping  aircrewran  can  be  delayed,  or  better,  if  he  car. 
oe  suspended  out  of  snail  arcs  fire  range,  nic-s*-  retrieval  ard 
evacuation  ray  be  possible.  This  hypothesis  was  reached  from  analysing 
rescue  statistics  derived  fron  operators  in  SEA.  These  statistics 
(classified)  were  used  in  the  analysis  presentee  .r.  Appendix  I of  Von* 

II  of  this  report.  Statistical  data  for  rescue  operations  in  hostile 
environments  indicates  aircrewaen  recovery  rates  ircrease  with  time 
between  aircraft  hit  and  crewman  ejection,  and  after  a certain  time 
increment,  all  possible  rescues  are  successfully  accomplished.  Since 
ti“«  can  be  related  to  distance  (through  aircraft  velocity)  the  distance 
t>*b  ai*craft  hit  to  ejection  appears  to  be  the  significant  factor. 

The  significance  of  distance  is  related  to  reaching  a less  populated  and 
defsnded  inland  area  or  the  coastal  region  or  sea  where  the  likelihood  of 
rescue  Is  greater.  Thus,  the  "self  rescue"  or  "fly  away"  escape  concept 
evolved. 

In  1967,  the  US  Air  Force  and  Navy  showed  considerable  interest  in 
the  potential  of  the  self-rescue  AERCA8.  A number  of  programs  were 
Initiated  to  demonstrate  concept  feasibility,  directed  specifically  at 
the  evaluation  of  various  approaches  to  AERCAB.  Close  Air  Force  and 
Navy  coordination  at  the  working  level  was  t. intained  to  ensure  the 
programs  complemented  each  other.  The  feasibility  evaluation  was  based 
upon  successful  deployment,  performance,  ar.d  stability  of  the  AERCAB 
lifting  surface  subsystem.  Consequently,  initial  test  efforts  were 
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directed  at  acquiring  the  technical  data  needed  to  select  the  most 
promising  configuration  'or  advanced  development.  All  subsystems  were 
considered  analytical’/  and,  where  applicable,  laboratory,  wind  tunnel, 
and  flight  tests  of  full-scale  experimental  models  were  conducted.  A 
synopsis  of  the  test  programs  is  presented  in  Section  V.  The  exp’oratory 
efforts  to  demonstrate  technical  feasibility  of  the  concept  have  now  been 
concluded  within  the  Air  Force. 

While  the  exploratory  analytical  and  experimental  Investigations 
demonstrate  that  the  flyaway  rescue  concept  is  technically  feasible, 
tw)  major  unknowns  regained:  (1)  Is  the  AERCAB  technically  practicable?; 
and  (2)  Is  the  AERCAB  operationally  practicable?  The  question  regarding 
operational  practicability  requires  basically  a cost-effectiveness 
assessment,  and  technical  practicability  requires  hardware  development 
and  experimental  tests  of  prototype  systems.  In  September  1972,  the 
Air  Force  Flight  Dynamics  Laboratory  was  assigned  the  responsibility  of 
assessing  the  potential  operational  practicality  of  a deployed  AERCAB 
escape  and  rescue  system. 

4.  GUIDANCE 

Hq  USAF  issued  Program  Management  Directive,  PMD,  (P-2P032(2)/63205F), 
dated  *7  June  1972,  requesting  several  independent  studies  be  conducted 
to  assess  the  potential  operational  practicality  of  the  AERCAB  concept. 

In  addition,  it  requested  the  analysis  address  itself  to  current  Air 
Force  rescue  capabilities  and  tactics,  projected  changes  to  these 
tactics,  threats  for  various  theaters  of  operation,  probability  of 
rescue/survival  with  current  equipment,  definition  of  inproved  rescue 
capabilities,  and  effective  cost  of  current  and  improved  rescue 
capabilities. 
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Hq  AFSC  Program  Direction  {AFSC  Fora  56,  dated  30  August  1972) 
codified  the  guidance  to  pursue  only  that  portion  of  the  PMO  which 
relates  to  the  practicability  of  the  AERCAB  concept,  since  the  Air 
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Staff  ms  initiating  a mission  analysis  of  the  coctat  air  rescue  posture. 
Accordingly,  this  study  was  prepared  to  answer  five  questions: 

(1)  Is  an  AERCAB  operationally  effective? 

(2)  Is  an  AERCAB  operationally  practicable? 

(3)  Is  an  A£RCAB  technically  feasible? 

(4)  Is  an  AERCAB  technically  practicable? 

(5)  Is  an  AERCAB  cost  effective? 

5.  ORGMIZATiai  OF  THE  STULf 

The  question  of  operational  effectiveness  is  sunnarl2ed  In  Section 
III;  detailed  doc  mentation  Is  presented  In  Reference  1.  This  work  was 
accomplished  under  Contract  F33615-72-C-1668.  P00002  by  the  Caywuoo- 
Schlller  Division  of  A.  T.  Kearney,  Inc.  Operational  practicability  was 
assessed  by  the  Vehicle  Equipment  Division  of  the  Air  Force  Flight 
Dynamics  Laboratory  by  anelyting  AERCAB  data  gene r-. ted  either  prior  to 
or  during  this  investigation. 

Technical  feasibility  was  addressed  by  considering  conplete 
exploratory  development  programs  and  two  additional  efforts  accomplished 
*Ting  this  investigation.  The  area  of  avionics  subsystem  feasibility 
was  evaluated  by  The  Analytical  Sciences  Corporation  under  contract  to 
the  Air  Force  Avionics  Laboratory,  and  is  docvnented  in  Reference  4. 
Additional  feasibility  effort  on  the  Rigid  Wing  AERCAB  design  ms 
contacted  by  The  Parsons  Company  of  California  under  Contract  r'33615-73- 
C-3120  to  AFFIX,  and  is  doc mooted  in  Reference  3. 


The  question  of  technical  practicability  was  partially  addressed  by 
the  Prototype  Division  in  AFFDl  and  is  beirg  separately  documented  in 
detail  in  P^ference  5.  It  is  concluded  that  a cocplete  technical  or 
engineering  practicability  assessment  requires  accomplishment  of  a 
'hardware  oriented  effort"  on  the  level  of  an  Advanced  Development 
Program. 
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The  cost  analysis  was  accomplished  in-House,  primarily  by  the 
Prototype  Division.  These  costs  are  considered  very  preliminary;  a 
■ore-in  depth  analysis  would  increase  the  creditability. 

All  other  contributors  are  referenced  as  they  appear. 
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6.  sumwr 

The  purpose  of  this  analysis  is  to  provide  additional  Information  ' 

pertinent  to  the  assessment  of  the  "flyaway"  concept  as  an  operationally 
feasible  capability.  The  oojective  in  this  analysis  is  to  assess  the 

advantages  of  the  concept  for  improving  the  current  escape/rescue  capability  ! 

and  to  determine  the  impact  of  the  concept  on  the  mission  aircraft.  The 

scope  of  this  analysis  :s  limited  to  a study  of  the  "flyaway*  concept  as  j 

an  improved  escape/rescue  concept  and  how  it  could  perform  under  corbat  < 

operations.  It  does  r.ot  include  a tradeoff  analysis  of  other  concepts 

for  providing  improved  search  and  rescue  capabilities.  The  approach  ? 

taken  in  th*s  study  included;  (1)  establish  a methodology  for  evaluating  I 

the  AERCAB:  (2)  determine  the  crew  station  cocpatibility  of  AERCAB  j 

configurations  with  selected  fighter  aircraft  configurations;  (3)  conduct  5 

a weights  and  costs  tradeoff  analysis  to  evaluate  penalties  versus  AERCAB 
performance;  and  (4)  evaluate  the  AERCAB  in  various  scenarios  using  the 
developed  methodology,  aircraft  cocpatibility,  and  tradeoff  analysis 

results.  ; 

> 

One  of  the  Initial  »isks  undertaken  was  the  development  of  a j 

methodology  for  assessing  the  effectiveness  of  the  AERCAB.  This  task  \ 

involved  the  formulation  and  programing  of  a computer  effectiveness  \ 

model  to  evaluate  alternative  AERCAB  configurations  integrated  in  J 

specified  fighter  aircraft  and  exposed  to  selected  cocfcat  scenarios.  i 

Background  information  on  four  AERCAB  configurations  and  selected  fighter  1 

aircraft  was  used  as  a technical  base  for  formulating  concept  effectiveness 
assessment  criteria.  The  operational  effectiveness  of  the  AERCAB  was 
evaluated  at  to  Its  ability  to  provide  core  crewmeober  candidates  for 
rescue.  *Safe"  areas  were  identified  within  the  scenario  which*  by 
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definition,  would  provide  a given  probability  of  rescue  of  the  crewman 
if  he  successfully  reached  this  area,  regardless  cf  how  he  got  there 
(f.e.%  AERCAB,  flying  mission  aircraft,  ejecting  into  area  directly). 

Consideration  of  the  environment  in  which  the  aircraft  is  operating  when  1 

a crewmember  ejects,  the  flight  of  the  AERCAB  to  a "safe“  area,  and 
subsequent  probability  of  location  and  pick-up  by  Search  and  Rescue  (SAR) 
forces  was  included. 

Simultaneous  with  the  development  of  an  evaluation  methodology, 
a technical  analysis  of  the  AERCAB  configurations  w»s  undertaken. 

Industry  had  originally  designed  four  configurations  against  a specified 
set  of  performance  criteria,  most  of  which  was  crlented  toward  a system 
which  would  perform  adequately  in  Southeast  Asia.  This  study  addresses 
the  operational  characteristics  of  the  AERCAB  concept  in  other  geographical 
locations.  Thus,  without  having  prior  knowlecge  of  what  performance 
would  be  required  of  AERCAB  in  the  different  scera^ios,  a technical 
analysis  was  undertaken  which  would  provide  inputs  to  a cost  effectiveness 
model.  The  approach  taken  investigated  tie  concept  in  two  phases.  Phase 
I consisted  of:  (1)  evaluating  the  existing  configurations  with  respect 
to  aircraft  installation,  weights,  aerodynamic  characteristics,  and 
performance;  (2)  resizing  the  configurations  as  necessary  to  achieve 
realistic  designs  and  thereafter  determine  the  degree  of  aircraft 
modification  needed  for  Installation;  and  (3)  resizing  the  configura- 
tions to  achieve  various  ranges  and  check  the  stability  characteristics 
of  each.  Phase  II  involved  considering  AERCAB  designs  which  are  devoid 
of  the  dimensional  constraints  of  current  aircraft  cockpits.  These 
designs  seek  naxina  achievable  performance  and  flying  qualities  for 
AERCAB  vehicles  and  provide  volume  and  weight  allowances  that  should  be 
considered  in  future  aircraft  designs.  This  phase  concentrates  on 
system  point  designs  for  a "best"  capability  based  on  results  from  the 
effectiveness  evaluation. 

Prior  to  evaluation  of  the  operational  feasibility  of  the  AERCAB  in 
a combat  scenario,  a parametric  sensitivity  analysis  of  the  effectiveness 
computer  model  was  conducted  to  determire  the  icpcrtance  of  various 
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parameters  In  relation  to  each  ot-ier  or  to  the  expected  recults . Very 
simple  scenarios  were  used  to  avoid  unnecessary  complexity  ia  analysis  of 
the  results. 

Subsequently,  the  effectiveness  of  the  AERCAB  concept  was  evaluated 
in  three  different  scenarios.  The  geographical  areas  selected  are 
identified,  and  the  particulars  of  each  scenario  are  discussed  in 
Volute  II.  In  general,  the  effectiveness  evaluation  showed  that  with 
the  AERCAB  system  the  probability  is  significantly  g eater  that  an  ejected 
crewmember  can  be  recovered  from  enemy  territory.  The  range  capability 
provided  by  the  flyaway  system  offers  a greater  overall  advantage  than 
any  other  factor  in  the  effectiveness  model. 

A supplemental  effort  was  conducted  to  provide  design  and  performance 
information  on  the  Rigid  King  AERCAB  configuration.  This  information  was 
used  in  assessing  the  potential  of  this  particular  configuration  as 
compared  to  other  AERCAB  designs. 

Successful  aircrew  recovery  in  a hostile  environment  requires  more 
than  the  ab11‘ty  to  remain  airborne:  requires  guidance,  navigation, 

and  control  (OUC).  The  CISC  functions  are  a vital  element  in  the  AERCAB 
safe  area  concept.  An  effort  was  conducted  to  evaluate  various  GfiiC 
approaches  against  selected  performance  guidelines.  The  results  of  this 
analysis  Indicate  the  expected  accuracies  and  costs  associated  with  the 
various  QttC  approaches.  An  automatic  guidance,  navigation,  and  control 
system  for  the  AERCAB  vehicle  is  not  cnly  feasible,  but  will  Improve  the 
probability  of  successful  crew  retrieval  over  a strictly  manual  control 
system. 
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A cost  analysis  was  conducted  to  peralt  a cost-effectiveness 
assessment  of  the  concept.  A cost  oodel  was  developed  and  computerized 
to  support  this  analysis.  The  cost  trodel  was  kept  seoarate  from  the 
effectiveness  oodel  because  cany  of  the  paranetric  variations  of  interest 
in  the  effectiveness  oodel  have  little  or  no  effect  on  cost. 
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ADVANCED  CREW  ESCAPE  A»  RESCUE  CAPABILITY  (AERCAB) 


Ejection  sells  hive  been  used  successfully  over  the  fast  25  yeirs  is 
i positive  aeins  for  flight  crewmenbers  to  escape  their  mission  vehicle 
is  Irreversible  emergencies  irlse.  Technology  advancement  In  the  escape 
area  Is  expected  to  provide  for  ejection  under  previously  deemed 
•^recoverable"  conditions,  i.e..  higher  speeds,  lover  attitudes,  adverse 
attitudes,  etc.  While  advancements  are  being  cade  in  the  crew  escape  area, 
the  escape/rescue  concept  for  air  crewmen  has  remained  unchanged  for  many 
years,  I.e..  following  a successful  ejection  the  crewman  descends  to 
earth  on  his  parachute  and  is  eventually  picked  up  by  a rescue  team, 
tost  of  the  tine,  the  rescue  team  uses  a helicopter.  If  the  ejection 
has  occurred  in  a cochat  situation  over  en  coy-con  trolled  territory,  the 
crewman  is  usually  captured.  Under  escape  conditions  such  as  adverse 
weather,  severe  terrain,  or  nighttime,  a long  wait  prior  to  rescue  may 
severely  tax  the  creunan's  cental  and  physical  faculties. 


Within  the  boundaries  of  the  free  world,  on  the  high  seas  as  well  as 
on  land,  the  probability  of  speedy  rescue  is  very  high  by  vi.tue  of  cxjtual 
international  agreements  and  the  highly  efficient  and  effective  organi- 
zational net  of  the  Air  Rescue  and  Recovery  Services.  In  combat  tones, 
particularly  deep  in  enemy  terri u -y,  this  probability  drastically 
decreases  s a function  of  distance  and  population  density.  Rescue 
techniques  with  helicopter  aircraft  are  greatly  Impaired  in  severe  terrain 
environments,  become  increasingly  hazardous  when  exposed  to  enemy  ground 
resistance,  and  are  hopelessly  inadequate  in  an  environment  of  enecty  air 
superiority.  Failure  in  such  rescue  missions  invariably  results  in  the 
capture  or  death  of  highly  trained  personnel  and/or  loss  of  critical 
combat  equipment. 
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2.  CONCEPT  OESCRiPTlOB 
Mvit  Is  an  AERCAB? 


Who  uses  It? 
When  is  it  used? 


Where  is  it  used? 
Why  is  it  used? 


A secondary  fliqkl  vehicle  contained  in  a 
primary  Aircraft. 

Crews  of  fighter  aircraft. 

When  the  primary  aircraft  is  no  longer 
capable  of  flying. 

Primarily  in  hostile  environments. 

To  save  training  dollars,  lives,  and  prevent 
imprisonment. 

By  reroving  creus  from  a high  threat  environ- 
aent  to  a lower  threat  environment. 


The  "flyaway"  escaot  toncept  provides  the  airereuean  with  a secondary 
flight  vehicle  capab  e raining  or  maintaining  altitude  and  permits 
hi*  to  assist  ir  his  owr  rescue  by  navigating  over  » limited  range  and 
at  a specified  cru>s?  '.seed  out  of  e hostile  area  toward  predetermined 
"safe*  sites  where  he  can  be  rescued  with  tie  least  jeopardy  to  all 
personnel  involved.  T»js.  the  AERCAB  is  a new  dinension  in  airborne 
escape.  It  represents  *•>*  'ext  generation  escape  system  by  providing  an 
"aircraft  witnir  an  arrs-aft". 

Any  advanced  escaoe/rescue  concept  exist  Increase  the  tine  available 
to  the  ejectee  to  be  rescued  and  minimize  the  time  required  to  perform 
the  rescue  mission.  The  AERCAB  provides  Increased  time  for  rescue  by 
allowing  the  ejectee  to  rer«1n  airborne  and  providing  him  with  sufficient 
maneuverability  to  fly  to  a more  secure  and  accessible  area  for  landing 
and  ptcLup.  in  addition,  flying  toward  the  rescue  forces  reduces  the 
time  required  for  rendezvous  with  the  rescue  forces. 


Since  the  AERCAB  system,  for  all  practical  purposes, is  a small 
aircraft,  it  must  contain  the  various  subsystems  associated  with  the 
major  aircraft  functions:  Lifting  Surface,  Propulsion,  Flight  Controls, 
Avionics,  Aircraft  Escape,  and  Airframe.  Although  some  degree  of 
coxmonality  exists  in  any  vehicle  comprised  of  these  subsystems,  there 
can  be  considerable  variation  in  configuration.  In  the  case  of  the 
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AERC At,  the  basic  and  more  pronounced  variation  occurs  In  the  lifting 
surface.  From  the  Initial  evolution  of  the  flyaway  concept,  a degree  of 
uncertainty  has  existed  within  the  technical  coamnity  as  to  which  of  the 
proposed  lifting  surface  configurations  offers  the  best  overall  solution: 
the  Parawing,  Rotor,  Sailwing,  and  a deployable  Rigid  Wing.  Investi- 
gations have  been  conducted  on  each  to  obtain  sufficient  data  on  each 
as  an  Integrated  configuration  to  evaluate  Its  technic*’  feasibility. 

The  feasibility  would  be  aostly  dependent  upon  successful  deployment, 
perfcmnce,  and  stability  of  the  particular  lifting  surface  subsystem 
(see  Figure  1). 

3.  KEROS  CONFIGURATIONS 

During  earlier  exploratory  efforts,  feasib'*ity  studies  were 
conducted  on  AERCA8  configurations  Incorpo-atinc  she  Parawing,  Rotor. 
Sailwing,  and  Rigid  King  lifting  surfaces.  In  these  studies  each  AERCA8 
configuration  had  been  designed  and  analyzed  in  sufficient  det*11  to 
analytically  assess  feasibility.  Each  -as  considered  to  merit  further 
investigation.  The  particulars  of  each  configuration  are  discussed  in 
Appendix  I of  this  report  and  In  Reference  6. 
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AERCAB  EFFECTIVENESS 


t.  Coe  ML 


It  the  AERCAB  operationally  effective?  To  properly  address  tuft 
question,  we  aust  understand  the  Combat  SAR  role  and  the  conventional 
rescue  operations,  establish  sore  gauge  for  ne asuring  AERCAB  effective- 
ness, and  evaluate  the  AERCAB  system  In  coobat  scenarios. 

2.  SEARCH  AND  RESCUE  RXE 

a.  Origin  of  the  SAR  Mission 


let  us  assume  an  F-4E  aircraft  with  pilot  and  weapon  systems 
operator  tales  off  from  hone  base  on  an  Interdiction  mission.  As  It 
crosses  the  forward  edge  of  the  battle  j-ea  (FEBAj,  the  aircraft  Is 
fired  upon  by  outlying  defenses,  and  tne  fire  tecones  more  determined 
as  the  aircraft  approaches  the  target.  The  F-4E  delivers  Its  ordnance 
but  Is  Tethally  hit  by  defensive  fire.  The  Instent  the  alrcrsft  Is 
lethal  1y  hit  narks  the  beginning  of  the  Combat  Search  and  Rescue  mission: 
The  safe  return  of  aircrews  fron  hostile  envlromrvnts. 

b.  The  SAR  Problems 

The  SAR  forces,  knowing  that  an  aircraft  Is  down,  are  tasked 


(1)  locating  the  crewmeafters. 

(2)  Protecting  then  fron  future  Injury. 

(3)  Treating  them  for  any  Injury  already  sustained. 

(4)  Returning  them  to  friendly  control. 
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Tke  solution  of  this  problem  ranges  fro*  staple  to  coaplex, 
depending  on  the  location  of  the  downed  crewman . If  he  Is  downed  on  the 
friendly  side  of  the  FtBA,  the  SAR  alsslon  nay  consist  of  sending  a jeep 
to  pick  hta  up.  But  if  he  Is  deep  In  hostile  territory,  as  many  as 
| 300  ceabat  sorties  nay  be  required  to  recover  hla,  If  It  Is  at  all 

possible!  The  Inpact  of  the  AFP.CAB  system  on  the  SAR  problen  will 
determine  Its  operational  effectiveness. 

C.  locating  Downed  Crevmeabers 

' At  present  a plethora  of  locating,  signalling,  etc.,  devices 

exists,  but  the  effectiveness  of  these  devices  Is  reduced  In  that  the 
creiamn  may  be  anywhere  In  the  area  of  operations.  Additional  Information 
from  radio  transaction  pr«or  to  egress  from  the  aircraft,  wtngaaa  reports, 
[ radar  fixes,  etc..  Is  required  to  roughly  locate  the  downed  man.  A 

decision  aaist  be  made  early  as  to  how  to  locate  the  man  precisely  and 
establish  linkup  with  the  rescue  forces.  Is  he  In  friendly,  moderately 
hostile,  or  extremely  hostile  territory?  What  tactics  mast  be  used  tc 
pinpoint  the  location?  Do  we  have  air  superiority  In  that  area?  If  not, 

| cam  we  establish  It  either  permanently  or  temporarily?  Do  we  have  ground 

superiority?  Can  ground  fire  suppression  operations  be  laid  on?  The 
location  of  the  man  determines  the  tactics  needed  to  rescue  Mm. 


KM 


d.  Protection  of  the  Win 

The  c remain  mist  be  protected  from  ground  threats  to  be  rescued. 
f-'VV-i  Again,  depending  on  location,  protection  nay  be  a life  raft  or  a major 

y’.V  ?* ' . caatiat  suppression  operation.  The  nan  mast  be  protected  from  capture, 

?'■  either  by  enemy  regulars  or  civilian  populace. 

0.  Hedlcal  Treatment 

The  man  must  be  treated  for  Injuries;  for  this,  the  SAA  operation 
requires  speed  to  minimize  the  tine  between  when  he  Is  Injured  and  when 
he  Is  treated.  This  time  Is  again  directly  dependent  on  the  man’s 
location:  If  the  location  dictates  i complex,  multifaceted  rescue 
operation,  the  time  could  be  quite  lengthy;  If  it  allows  a relatively 
Staple  straightforward  operation,  the  tine  should  be  short. 
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f.  Safe  Return  ti  Frlendl  / Control 

The  crewman  oust  be  safely  returned  to  friendly  control.  This  ’ 

dictates  that  the  SAX  operations  be  secure  so  that  the  SAX  helicopter 
is  not  shot  down,  starting  the  problem  all  over  a^aln.  Air  superiority 
Mist  be  maintained.  Again,  location  o'  the  ere. member  is  of  utmost  ( 

importance.  It  is  extremely  hazardous  to  take  a low-performance  highly 
vulnerable  helicopter  into  the  same  environment  where  a high-performance,  ■ 

low-vulnerability  fighter  aircraft  was  Just  shot  down.  \ 

i 

9-  SAX  Driving  Force 

Again  anJ  again,  the  location  of  the  downed  crewman  is  seen  to 
control  all  aspects  of  the  SAX  operation.  The  threat  level  where  the 
van  is  and  the  threats  that  the  rescue  forces  must  cross  to  reach  him 
determine  all  tactics  and  decisions,  even  whether  or  not  an  attempt 
■rill  be  made  to  rescue  the  aircrew. 

h.  Safe  Area  Concept 

Prior  to  a combat  mission,  an  aircrew  is  told,  "If  you  get  i 

hit.  try  to  get  to  such-and-such  coordinates,  it’s  a safe  area." 

What  is  a safe  area?  How  is  it  chosen?  How  is  it  used? 

A safe  area  Is  an  area  loosely  defined  as  possessing  some  or  all 
of  the  following  properties: 

(1)  Low  density  enemy  troop  concentrations. 

(2)  Low  density  hostile  civilian  population. 

(3)  Possible  local  partisan  support. 

(4)  Ease  of  access  for  SAX  flight. 

(5)  Favorable  escape  and  evasion  terrain. 

(6)  friendly  air  superiority-.  | 

(7)  Shelter  and  food.  1 

I 

(8)  Hedlcal  facilities.  • 


\ 
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Obviously,  home  base  is  a very  safe  area,  but  so  is  a nowitaln 
■eadM>  or  "'eet  uet,*  depending  on  the  scenario;  in  short.  It  Is 
any  area  there  a crewran  can  survive  and  SAP  forces  can  operate  with  a 
■Intel  red  risk. 


lalMHNMnHI.  Safe  areas  nay  be  permanent  (e.g.,  how  base) 
or  temporary  (an  Air  Cavalry  assault  nay  establish  a safe  area  for 
i hours). 

The  safe  area  is  used  then  an  aircraft  receives  a lethal  hit.  The 
pilot  attests  to  guide  the  crippled  aircraft  so  as  to  maximlie  his 
chances  of  rescue.  If  he  is  deep  in  enemy  territory,  he  will  atteept 
to  go  to  a designated  safe  area  to  Increase  his  probability  of  rescue. 

3.  EFFECTIVENESS  ANALYSIS 

a.  Methodology 

One  of  the  initial  tasks  was  to  develop  a -“thcdology  for 
assessing  the  effectiveness  of  the  AERCAB.  This  task  involved  the 
farmilation  and  programing  of  a compute-  effectiveness  model  to  evaluate 
alternative  AERCAB  configurations  integrated  in  specified  fighter  aircraft 
and  exposed  to  selected  combat  scenarios.  Background  information  on  the 
AERCAB  configurations  and  selected  fighter  aircraft  was  used  as  a 
technical  base  for  fomjlating  concept  effectiveness  assessment  criteria. 
The  operational  effectiveness  of  the  AERCAB  was  evaluated  as  to  its 
ability  to  provide  more  cremoem ber  candidates  for  rescue.  “Safe"  areas 
mere  identified  within  the  scenario,  which  by  definition  mould  provide 
a given  probability  of  rescue  cf  the  crewman  if  he  successfully  reached 
this  area,  regardless  of  the  manner  In  which  he  got  there  (i.e.  AERCAB, 
flyirg  mission  aircraft,  ejecting  into  area  directly)..  Consideration  of 
the  environment  in  which  the  aircraft  is  operating  when  a crew  inter 
ejects,  the  flight  of  the  AERCAB  to  a “safe"  area,  and  subseouent 
probability  of  location  and  pick  up  by  Search  and  Rescue  (SA«)  forces 
mas  Included. 
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b.  Effectiveness  Model 

A computerized  combat  evaluation  uodel  ms  developed  to  issess 
tile  Inpact  of  an  AERCAS  sjistn  In  the  operational  environment.  The  Model 
had  to  be  responsive  to  those  Inputs  which  were  ava'lable  at  the  early 
stages  of  an  AERCAB  development.  The  nodel  was  developed  based  on 
extensive  knowledge  of  Southeast  Aslan  aircraft  danage  and  loss  experience, 
vulnerablllty/survivabillty  studies,  and  on  the  HAVE  LIME  study, 

(Reference  8). 

The  coaputer  aodel.  Evaluating  the  Survival  cf  Crew  and  Aircraft 
fenetratlng  Enemy  Environments  (ESCAPEE)  calculates  the  probability  of 
a pilot  surviving  a sortie.  The  survival  aay  be  via  the  safe  return  of 
Ms  aircraft  cr.  If  the  aircraft  Is  lethally  Mt  iy  enemy  defenses, 
then  via  an  escape  node  and  subsequent  extraction  by  SAR  forces.  In  the 
model  the  aircraft  flies  along  an  Input  flight  pah  consisting  of  several 
doglegs.  Various  enemy  defenses  nay  shoet  at  the  aircraft  and  at  the 
AERCAS  when  the  pilot  uses  such  to  escape  -'ran  the  lethally  hit  aircraft 
to  fly  to  a safe  area.  The  enemy  defense*  are  scaled  by  the  aodel  such 
that  the  attrition  of  the  noolnal  aircraft  Is  equal  to  an  Input  value. 

All  calculations  are  probabilistic. 

The  flight  path  Is  broken  Into  Increments  for  purposes  of  maaerical 
Integration.  At  each  Increment  the  probability  the  aircraft  Is  lethally 
Mt  is  calculated.  Given  a lethal  Mt,  the  probability  the  pilot  could 
successful ly  reach  each  safe  area  via  each  possible  escape  mode  Is 
calculated.  The  probabilities  are  cadlaed  with  the  Input  (assoned) 
extraction  probabilities  from  the  safe  areas,  and  the  best  escape  node 
and  area  are  used  as  the  optima  (Reference  2).  By  Integrating  the 
probabilities  over  the  total  flight  path  the  probability  the  pilot 
returns  to  home  base  Is  obtained. 


The  penetration  of  enemy  defenses  begins  at  the  fEBA  (see  figure  2). 
The  aircraft  traverses  three  defense  regions:  the  inbound  area,  the 
target  area,  and  the  outbound  area.  In  e.ch  such  region  a different  mix 
of  defenses  aay  be  deployed  at  random.  The  flight  path  of  the  aircraft 
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consists  of  legs  (straight  line  segments)  between  ray-points,  which  nay 
6e  thought  of  as  navigation  check  points.  Between  defense  regions  the 
aircraft  flight  profile  nay  change.  Thus,  inbound,  for  instance,  the 
aircraft  aay  fly  at  35,000  feet  and  400  kts.  descend  to  1,000  feet  and 
tOO  kts  in  the  target  area,  and  climb  to  <0.000  feet  and  <SO  kts  outbounv 
The  legs  of  the  flight  path  aay  avoid  known  concentrations  of  defenses. 

The  outbound  path  nay  differ  fro*  the  inbound  route.  A single  aircraft 
penetrates  the  eneny  defense:. 

The  aircraft  entry  point  at  the  FEBA  (J-axts)  is  the  origin  of  the 
coordinate  systea  with  the  positive  Y-axis  in  the  direction  of  the  eneny. 
irf*  •*  described  by  a circle  with  the  target  at  the  center. 

^ eneey  side  of  the  f£BA  are  several  safe  areas  where  a pilot 
(or  crew  nenber)  nay  land  after  his  aircraft  is  srot  down,  and  where 
**  forces  my  be  expected  to  extract  hii>  with  an  sssuwd  probability. 

^ area  is  a circle  and  its  center  and  radius  are  specified. 

The  amputee  nodel  was  used  to  evaluate  the  ABACAS  on  both  a 
conceptual  and  a real  world  basis.  Conceptually,  the  AERCAB  is  perfectly 
reliable.  It  can  be  oanaged  by  eneny  defenses,  but  it  cannot  fail  through 
inherent  reliabilities.  The  real  world  AERCAB  has  been  modeled  to  reflect 
-oosenative  hardware  associated  reliabilities.  The  method  of  determining 
the  effectiveness  of  an  AERCAB  was  to  answer  the  question,  "If  loo 
aircraft  were  lost  fa  a scenario,  how  many  crews  are  rescued  witx  and 
w*tt8"t  •*  AERCAB  systen?*  Of  secondary  iaportance  are: 

-What  are  the  important  design  parameters  for  an  AERCAB  systen? 

*****  is  the  status,  and  why,  of  the  remaining  (nonrescued)  aircrews? 

c.  Scenario  Evaluations 

Three  scenarios  were  selected  for  evaluating  the  AERCAB  systen. 

The  details  of  these  scenarios  and  their  derivations  are  classified  and 
are  contained  in  Voline  II.-  A general  description  and  results  of  the 
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evaluation  arc  presented  were.  The  three  scenarios  represent  past, 
present,  and  future  combat  operations. 

(1)  Historical  Southeast  Asia 

A scenario  based  on  a statistical  derivation  of  U.S.  Air 
Force  experience  in  SCA  (see  Voluae  11)  was  included  as  past  cortiat 
operations.  The  statistical  analysis  was  coaputer  aodeled  a:  shown  in 
Figure  3.  In  the  target  area,  the  probabil'ty  of  rescue  was  zero  and 
in  a large  area  of  up  to  SO  mile?  off  target  center,  the  probability 
was  eery  low  (0.06).  Beyond  SO  ailes,  the  probability  of  rescue  rose  to 
0.60,  where  it  remained  out  to  110  ailes  off  target  center.  The 
scenario  was  analyzed  to  determine  the  ixpact  of  an  AERCAB  system  had  It 
been  available.  Figure  4 shows  the  percentages  of  cremaan  in  each 
category  as  the  result  of  actual  coabat,  the  computer  aodeling  without 
AERCAS,  and  the  Impact  of  an  AERCAB  system  of  increasing  range. 
According  to  this  analysis.  If  an  AERCAB  system  had  been  available  for 
use  in  conjunction  with  the  SAR  forces,  475  "Ore  crewmen  could  have 
been  rescued.  The  AERCAB  range  was  found  to  be  the  nest  powerful  design 
parameter.  This  comparison  is  for  the  real-world  rel'ability  AERCAB 
system;  an  AERCAB  mechanism  with  zero  range  capability  would  reduce  the 
rescue  percentage  because  it  would  be  substituting  a uore  complex 
mechanism  (the  AERCAS)  for  an  ejection  seat.  The  percentage  rescued 
rises  sharply  with  AERCAB  range  until  a plateau  is  reached  at  about 
50  miles.  If  the  AERCAB  range  is  increased  so  that  it  is  possible  to 
fly  from  the  target  all  the  way  to  the  FEBA  (see  Figure  3).  the 
percentage  rescued  will  again  increase  sharply,  but  additional  AERCAB 
range  has  no  payoff. 


(2)  U.  S.  Navy  Scenario 

The  Naval  Air  Development  Center,  Marmister,  Pa.,  provided 
a scenario  representative  of  present  diy  coabat  operations.  This 
scenario  Is  shown  in  computerized  forjat  in  Figure  5 (for  details  see 
Voluae  II). 
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In  this  scenario.  3Z  combiraMons  of  altitude  tni  speed  for  a 
variety  of  AERCAB  rarges  -ere  analyzed.  Without  an  AERCAB  system,  the 
percentage  of  aircrew,  rescued  is  preoicted  to  be  26?;  with  an  AERCAB 
system,  this  prediction  rises  to  63?.,  At  ranges  beyond  about  45  m , 
a larger  AERCAB  would  be  required.  which  makes  it  more  vulnerable  to  this 
particular  defensive  -weapon  mix  and  decreases  the  percent  rescued 
slightly  (see  Figure  6).  The  spread  in  probability  of  rescue  for  a given 
AERCAB  range  f represented  by  the  narrow  band  of  cross  hatched  area) 
reflects  a slight  difference  in  capability  due  to  a particular 
combination  of  speed  and  altitude.  The  higher  speed  and  lower  altitude 
combinations  tend  to  be  near  tne  upper  portions  of  the  band  and  the 
lower  speed,  higher  alt’ tide  configurations  near  the  lower  part  of  the 
band. 
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(3)  Air  Force  Scenario 

A scenario  representative  of  future  conbat  operations  uas 
generated  by  the  Air  force  Flight  Dynamics  laboratory  in  conjunction 
with  several  ether  Air  force  organizations.  The  tfetai’s  of  this 
scenario  are  shown  in  iolure  II.  The  computerized  forrat  of  this 
scenario  is  shown  in  Figure  7. 

The  sane  38  combinations  of  altitude  and  speed  for  a variety  of 
AERCAB  ranges  as  were  analyzed  In  the  USA  scenario  wre  run  in  the 
Air  Force  scenario;  the  results  are  shown  In  Figure  8.  The  predicted 
percentage  of  aircrews  rescued  without  an  AERCAB  system  is  about  101. 
tilth  an  AERCAB  system,  this  prediction  rises  significantly.  With  an 
AERCAB  having  a range  of  220  na,  the  predicted  oercentage  Is  67t, 
and  for  a range  of  100  ia>.  is  50 T. 
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d.  Fate  of  the  Crews 

The  AERCAB  system  nas  been  shown  to  Increase  the  percentage  of 
aircrews  rescued.  The  question  remains  what  happened  to  the  aircrews 
that  were  not  rescued  and  why?  For  the  case  where  the  mission  aircraft 
is  lethally  hit  at  the  target  and  the  aircrew  has  a 95  nn  range  AERCAB, 
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Effectiveness  of  AERCAS  In  USN  Scent r to 
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the  status  for  tfte  ha./  and  Air  Forte  scenarios  Is  shown  In  Figure  9. 

This  cannot  \e  compared  directly  to  the  previous  scenario  evaluation 
because  of  differences  in  the  distribution  of  attrition  along  the  flight 
path. 

The  category  of  Hi  sc  is  shoup  as  less  than  It  and  is  the  result  of 
nr;  convoluted  logic  paths  than  shown  here  (e.g.  the  AERCAB  was  shot  down 
but  tne  crewman  was  still  rescued).  The  AERCAB  was  not  necessary  in 
those  cases  where  the  mission  aircraft  could  fly  to  a safe  area  with  a 
high  probability.  The  AERCAB  was  necessary  if  the  mission  aircraft  could 
aot  reach  any  safe  area.  The  status  of  'Crew  not  rescued  from  safe  area* 
Is  caused  by  the  assisted  SAR  probability  of  rescue  of  0.7  for  suae  safe 
areas.  Thirty  percent  of  the  aircrews  reaching  the  safe  area  were 
assumed  as  not  being  able  to  link  up  with  the  rescue  force  and  so  were 
aot  rescued,  (tote  that  the  Kavy  .cenarto  does  not  have  this  status 
because  a 95  nm  AERCAB  has  sufficient  range  to  reach  the  FEBA  where  the 
probability  is  1.0. 


The  category  of  personnel  chute  failure  is  considered  a reliability 
factor  of  the  overall  sequence  of  parachuting  to  earth.  The  extremely 
high  reliability  of  canopy  opening  is  degraded  because  of  historic  losses 
occurring  at  ground  contact.  Unfavorable  terrain.  Inadequate  training/ 

[ proficiency,  and  previous  personnel  injuries  contribute  to  the  degradation 

| of  this  reliability..  An  AERCAB  system  will  allow  the  crctmdier  some 

choice  of  when  to  parach.it  to  earth,  allowing  him  to  avoid  lakes, 
f fivers,  karst,  cliffs,  etc.,  but  this  lapro  ed  reliability  cannot  be 

-CV' ' ‘ quantitatively  analyzed.  For  conservatism  the  iaproveoent  in  this 
reliability  has  been  ignored. 


The  status  of  'AERCAB  Unreliable*  Includes  the  product  of  two 
reliability  factors:  (1)  the  reliability  of  ejection  from  the  aircraft 
(similar  to  the  ejection  seat  specification  reliability/confidence  levels); 
and  (2)  the  reliability  of  the  AERCAB  mechanism  deploying.  Both  of  these 
reliabilities  have  been  considered  to  be  95%  for  conservatism. 
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The  status  "AEPCAB  ShcT.  Down"  demonstrates  the  effect  of  different 
scenario  weapon  nixes.  T“e  Navy  scenario  weapon  mix  was  especially 
effective  against  AERCAB's;  note  that  these  AERCAB's  have  to  fly  through 
the  target  area. 

The  mechanisms  that  killed  crews  in  the  aircraft  were  considered  to 
he  the  same  that  lethally  damaged  the  aircraft  (e.g..  they  were  not 
trapped  by  a faulty  ejection  seat). 


To  evaluate  the  AERCAB  conceptually  (perfectly  reliable),  the 
expected  percentage  of  c-tws  saved  becomes  581  for  a 95  nm  AERCAS  In  the 
Air  Force  scenario  and  571  in  the  Navy  scenario. 

The  respective  flgu-es  for  a real  world  AERCAB  (not  perfectly 
reliable)  are  46!  for  both  scenarios  (by  coincidence). 

The  effect  of  AERCAB  altitude  and  velocity  on  AERCAB  attrition  was 
investigated.  Increasing  velocity  was  found  to  always  decrease  attrition. 
At  altitudes  above  3000  feet,  increasing  altitude  decreases  attrition. 
Both  of  these  effects,  however,  are  secondary  to  range.  The  effects  are 
directly  related  to  the  weapon  ms*  Involved  in  the  scenarios.  The 
analysis  In  the  Navy  scenario  Is  shown  in  Figure  10  and  Figure  11. 

4.  REMARKS  ON  EFFECTIVENESS 

The  AERCAB  system  has  been  shown  to  be  operationally  effective: 

*.  I*  conjunction  with  SAR  forces,  aircrews  using  AERCAB  can  be 
saved  which  would  otherwise  be  lost. 

b.  It  reduces  the  SAR  force  losses  because  the  SAR  operations  can 
be  conducted  In  lower  threat  level  areas. 

c.  The  effectiveness  analysis  end  scenario  evaluations  are 
documented  In  detail  in  Reference  1. 
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SECTION  TV 

OPERATIONAL  PRACTICABILITY 


1.  GENERAL 

It  «n  RERCAt  operationally  practicable?  To  irsaer  this  question. 

Me  mist  consider  fee  tors  Inportent  to  the  using  cornu  nd,  rvamrly.  could 
the  using  find's  Mission  accomodate  the  systen,  end  could  it  be 
operated  end  Maintained  by  the  resources  either  currently  or  potentially 
available  to  the  an  and? 

2.  MISSION  DPACT 

One  effect  of  an  AERCAI  systeo  on  a fighter  i- -craft  is  that  it 
increases  tile  Height  of  the  ejection  seat  subsystem.  This  Increase  in 
subsystem  Height  nay  be  expressed  in  terns  of  ef'ict  on  aircraft  Mission 
as  increased  gross  takeoff  Height,  reduced  range,  reduced  Maneuverability, 
reduced  ordnance  load.  etc.  A more  detailed  tree  _nent  of  this  effect  is 
presented  in  Volin*  II. 

The  addition  of  fuel  in  the  cockpit  for  the  Ac*tAB  does  not  aake  a 
significant  change  in  the  vulnerable  area  of  the  r-4  aircraft;  this  is 
Supported  by  the  rationale  that  the  area  required  for  the  100  pounds  or 
less  of  fuel  for  the  AERCAS  is  negligible  coaparec  to  fa  area  required 
tor  the  12.954  pounds  of  JP-4  currently  carried  internally  in  the  F-4. 

■ The  fact  that  fuel  Is  in  the  cockpit,  however,  does  require  special 
' " attention  to  Miniuiae  the  danger  of  fires  or  explosions.  Sane  protection 
Is  provided  by  the  Mission  aircraft  since  the  AERLAB  is  stoned  so  that 
napy  ,f  its  components,  including  the  fuel  tanks  are  shielded  by  the 
aircraft,  components.  Safety  in  stowing  and  handling,  and  protection 
against  fire  or  explosion  due  to  small  arcs  fire  can  be  maximized  by 
using  self-sealing  foam-filled  tanks  and  fuel  ’scrubbing.”  A cockpit 
fire-suppression  system  sensitive  to  ’hits'  should  be  considered  to 
prevent  flash  fires  in  the  event  o."  fuel  seepage  daring  the  fern  seconds 
required  for  the  sealant  to  act. 
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Rocket  catapults  and  pyrotechnic  ejection  seat  stabilization  system  1 

arc  presently  Incorporated  In  baseline  aircraft.  Thus,  vulnerability  Is 

not  changed  by  these  Itens  being  required  as  AERCAB  components.-  j 

3.  PILOT  TRAINING 

The  analytical  flying  qualities  of  an  A£RCA8  vary  between  lifting 
surface  configurations..  The  feasibility  hardware  work  completed  to  • 

date  (Section  »)  indicates  that  an  AERCAB  should  be  reasonably  staple  to 
fly  manually.  The  normal  node  of  operation  is  automatic,  but  a manual 

override  capability  is  desirable.  Ground  trainers  or  similators  mill  be  j 

required  to  fadliartze  pilots  and  nonpilot  rated  back  seat  aircrew-  j 

neabers  with  controls,  instruments,  switches,  etc.  Flight  training  j 

procedures  should  be  si<t!l»r  to  checkout  in  a single  engine  light  plane.  ! 

The  absence  of  takeof-s  landings,  and  high  performance  maneuvers  should  s 

greatly  simplify  training  requirements.  Ronpilot  rated  personnel  may  j 

require  slightly  more  training  than  rated  personnel.  Undergraduate  pilot  j 

training,  together  with  simlator  or  ground  trainer  tire  and  an  under- 
standing of  the  purpose,  capabilities,  and  limitations  of  an  AERCAB.are  j 

expected  to  be  sufficient  far  manual  operation  of  the  vehicle.  j 

i 

l 

4.  MAINTENANCE 

Maintenance  for  a deployed  AERCAB  system  will  be  greater  than  for 
existing  ejection  seats,  primarily  because  of  the  propulsion  and 
avionics  subsystem  and  their  assoicated  components  and  interfacing 
equipment.  Maintenance  is  required  for  not  only  the  basic  engine  and 
CHIC  equipment,  but  for  the  electrical  equipuent.  Instrumentation,  fuel 

cells,  etc.  Although  these  subsystems  have  not  yet  reached  the  breadboard  j 

stage,  ue  anticipate  that  they  mould  become  straightforward  applications  j 

of  existing  technology  In  the  timeframe  of  an  operationally  deployed  j 

system.  These  subsystem  .re  not  subject  to  continuous  use  and  are  ; 

designed  for  one-tine,  high-reliability,  short-service-life,  long-shelf- 

life  applications.  Periodic  checking  of  circuitry,  displays,  and  ■ 

lubrication  levels,  in  addition  to  normal  pyrotechnic  system  checking, 
should  be  satisfactory  for  continued  operational  readiness.  The 


AFTW.-TR-7»-22 
Volume  I 


maintenance  requirements  should  be  veil  within  the  provisions  of  H1L-S- 
§1798,  "General  Specification  for  Seat  Systen,  Upward  Ejection,  Aircraft." 

If  the  alsslon  scenario  requires  GUC  and  other  functions  to  be 
performed  following  the  ejection  without  pilot  assistance,  then  two 
Important  conclusions  nay  be  reached:  (1)  The  Increased  scope  of  logical 
functions  Is  best  handled  by  general  purpose  digital  logic  (in  addition 
to  any  primary  GNIC  requirement  for  digital  ccnputltion).  Siwple  and 
low-cost  analog  autopilots  are  available  for  low-speed  general-purpose 
aircraft,  and  sone  nay  believe  that  such  systeus  are  sufficient  for  a 
fully  automatic  AERCA8  system;  however,  the  capabilities  of  these 
autopilots  are  extremely  United,  and  annual  Intervention  Is  necessary 
for  their  use.  (2)  The  entire  AERCA8  GNIC  system  oust  be  turned  on, 
waned  up.  and  Initialized  prior  to  ejection  from  the  aircraft.  At  least 
some  portion  of  the  systen,  e.g.,  navigational  logic  elements,  as 
certain  Intonation  (present  coordinates,  wind  speed,  azimuth  to  the 
safe  area,  etc.)  wist  be  continually  updated.  For  fully  automatic 
operation,  gyroscopes  must  be  spun  up  and  erected,  crystal  oscillators 
be  temperature-stabilized,  and  so  on.  Reliability,  performance,  and 
operational  lifetime  of  the  systen  are  affected  by  the  accinailated 
on-time  and  the  nimber  of  power  switching  transients,  with  each 
components  responding  to  the  resulting  electrical,  thermal,  and 
mechanical  stresses  In  a different  way. 

Fully  automatic  OUC  allows  a significant  reduction  or  slapllflcatlon 
In  pilot  display  requirements  and  "bare  airframe"  handling  qualities. 

The  pilot  Is  relieved  of  tracking  and  control  tasks  with  the  automatic 
system. 


S.  REMARKS  (M  OPERATIONAL  PRACTICABILITY 

An  operationally  deployed  AERCAB  systen  appears  to  be  a practicable 
system  In  view  of: 

(a)  Inpact  on  the  mission  aircraft 

(b)  Personnel  training  and  proficiency  required 
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(c)  Projected  maintenance  requl  recent: 

Further,  It  appears  that  no  Insurmountable  problem  exist  to  prevent  a 
deployed  AERCU  system  free  being  practical  for  using  commands. 


SECTION  V 

TECHNICAL  FEASIBILITY 
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Is  in  ADtCAB  technically  feasible?  This  qu^st'on  was  originally 
addressed  In  late  1967,  when  the  first  Investicat  on  of  the  flyaway, 
self-rescue,  escape  concept  was  Initiated.  Subsequent  to  the  completion 
of  that  first  feasibility  study,  nuaerous  exploratory  development 
programs  have  been  conducted  by  the  Air  Force  and  Kavy  not  only  to 
substantiate  the  Initial  conclusion  that  the  AERCAB  concept  Is  technically 
feasible,  but  to  establish  a good  technical  base  from  which  an  equitable 
comparison  of  proposed  configurations  can  be  aide 

2.  AERCAB  EXPLORATORY  DEVELOPMENT  EFFORTS 

As  Indicated  by  the  outline  presented  tn  this  section,  sufficient 
data  has  been  obtained  during  the  exploratory  development  to  assure  the 
feasibility  of  each  „f  the  four  concepts  (Parawlng,  Rotor,  Sailwing, 

Rigid  Wing).  However,  not  all  of  the  concepts  have  reached  the  saae 
stage  of  development  so  that  an  equitable  comparison  can  be  aide. 
Consequently,  In-flight  deployment  and  transition  to  steady  state  flight 
has  been  selected  as  the  Biles  tone  to  be  achieved  by  each  concept  prior 
to  any  elimination.  The  following  completed  exploratory  development 
efforts  sponsored  by  the  Air  Force  Flight  Dynamics  Laboratory  (AFFDL) 
or  the  Naval  Air  Development  Center  (NAVAIRDEVCEN}  form  a solid  technical 
foundation  for  this  feasibility  assessment.  These  programs  are 
discussed  below. 


(1)  Integrated  Aircrew  Escape/Rescue  System  Capability  (AFFDL). 
This  study  effort  has  been  completed  and  resulted  in  the  generation  of 
specific  operational  and  design  criteria  for  an  Integrated  aircrew 
escape/rescue  system  capability;  operational  and  performance  limits 
were  defined  and  It  was  analytically  shown  that  the  AERCAB  concept  using 
a parawing/jet  engine/ejection  seat  Is  feasible  and  merits  continued 
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study,  experimental  testing,  and  development.  The  study  used  a new 
ejection  seat  and  assumed  tne  development  of  e new  high  bypass  ratio, 
twin  turbofen  engine  to  package  the  system  in  the  available  aircraft 
space.  A modular  design  was  evaluated  which  permits  the  system  to  operate 
as  an  independent  escape/rtcovery  system  or  as  an  Integrated  escape 
rescue  system.  This  program  was  started  In  April  1968  and  was  completed 
In  October  1968  (Reference  9). 

(2)  Waif-Scale  Paraalnq  Wind  Tunnel  Program  (AFFDL).  This 
effort  was  completed  to  determine  the  aerodynamic  and  static  stability 
characteristics  of  a 1/2-scale  model  of  a Parawing  AERCA8  configuration. 

The  data  was  used  to  compare  with  free  flight  data  of  a similar  full-scale 
AERCAB  configuration.  The  data  compared  extremely  well  with  the  free 
flight  data  and  proved  Ir/aluable  In  predicting  the  stability  characteristics 
of  the  full-scale  vehicle.  This  program  started  In  Septerber  1969  and 

was  completed  In  April  1970  (Reference  10). 

(3)  AERCAB  Experimental  and  feasibility  Testing  (Aim).  This 
effort  has  been  completed  and  resulted  In  the  experimental  demonstration 
Of  a powered,  rigidly  coupled  Parawing  ejection  seat/engine  configuration. 
Aerodynamic  performance  data,  longitudinal  and  lateral  stability  data 
over  a range  of  eg  variation,  and  the  In-flight  control  and  turning 
capabilities  of  a rigid  nonartlculated  Parawing  system  were  obtained 
under  both  powered  and  unpowered  flight  conditions.  The  practicability 
of  crunwiOirr  bailout  from  a flying  seat  was  demonstrated  under  this 
program  as  an  anthropomorphic  dummy  with  a personnel  parachute  was 
released  from  an  AERCAB  vehicle  In  a stable  gliding  descent  r-.de.  The 
(fcmmy  and  AERCAB  carrier  vehicle  were  both  recovered  separately  and 
Intact.  This  program  started  In  March  1*69  and  was  completed  In 
December  1970  (Reference  11). 

(4)  Jet-Car  Testing  (AFFOU.  This  experimental  effort  has 
been  completed.  An  articulated  test  Parawing  model  was  deployed  on  the 
jet  car  at  the  Naval  Air  Test  Facility,  Lakehurst,  New  Jersey.. 

Preliminary  deployment  characteristics  of  the  deployable/erectable 
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full-scale  Parawing  were  obtained.  This  effort  was  completed  In 
January  1971. 

(S)  Articulated  Parawing  AtRCAB  Wind  Tunnel  Program  (ArfDtl . 

This  effort  was  conducted  to  deteralne  the  aer.-dy  amic,  stability,  and 
deployment  characteristics  of  a deployable/ ere/  table  ATRCAB  full-scale 
model.  The  wind  tunnel  aerodynaulc  and  stability  results  were  compared 
to  atrailable  free-flight  performance  characteristics  to  validate  the 
flight  performance.  The  Parawing  articulation  characteristics  were 
determined  from  dynamic  deployment/erection  tests,  which  demonstrated 
the  feasibility  of  deploying  and  erecting  the  P 3 -awing  from  a stowed 
configuration  into  an  ATRCAB  flight  configuration.  This  program  started 
In  Septerter  1970  and  was  cotgileted  in  February  1771. 

(C)  Articulated  Parawing  AERCA?  Air  Drrr  Tests  (AFFDL).  This 
program  evaluated  deployment  and  erection  of  an  s-tlculated  Parawing 
from  Its  stowed  position  and  determined  the  transition  dynamics  from  the 
postejection  mode  to  the  unpowered  gliding  node  in  a free  flight 
environment.  This  program  started  In  Jan, ary  1971  and  was  completed  In 
April  1971  (Reference  12). 

b.  Rotor 

(1)  Rotor  Discretionary  Descent  System  (AFFIX,).  This  in-house 
effort  hes  been  completed  and  resulted  in  the  preliminary  design  of  a 
rotary-wing  self-rescue  system  and  the  establishment  of  a performance 
envelope.  It  wes  concluded  from  this  effort  that  a teetering  type  rotor 
system  employing  the  telescoping  blade  technique,  when  combined  with  a 
small  engine  propulsion  system,  provided  a high  degree  of  potential  as 
an  escape/rescue  flyaway  concept.  This  program  was  started  In  July  1968 
and  was  completed  In  December  1968. 

(2)  Rigid  Rotor  Experimental  Test  Program  (AFFDl).  This  effort 
Is  completed.  Investigated  wider  this  program  was  the  feasibility  of 
using  a rigid  rotor  system  to  provide  a glide  and  maneuver  capability 
during  descent  from  altitude.  Flight  tests  were  conducted  to  evaluate 
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a gliding,  descending,  unpowered  type  rotor  capability  with  that  of  a 
powered,  “flyaway"  syster.  The  “flyaway"  system  proved  to  be  the  more 
promising  approach  fo'  setisfylng  the  overall  AERCAB  objective.  This 
program  was  started  In  January  1968  and  completed  In  April  1969. 

(3)  Catholic  University  AERCAB  Conceptual  Study  (NAVAlRSrvCf.1). 
This  study  effort  Is  completed.  The  results  of  the  study  Indicated  the 
feasibility  of  a packageable,  deployable  autogyro  powered  by  a small 
turbofan  engine  for  accomplishing  the  AERCAB  objectives.  Results  of 
this  study  have  been  used  in  follow-or  autogyro  development  efforts. 

Ibis  program  was  started  '.n  November  1968  ind  was  coapleted  in  June  1969 
(Reference  13). 

(«)  ftctary  Wing  AERCAB  Feasibility  Study  (lAVAlRDEVCCh).  This 
study  effort  by  Kaaan  Aerospace  Corporation  has  been  completed.  The 
purpose  of  the  study  was  to  evaluate  the  feasibility  of  using  an  auto- 
gyro es  an  AERCAB  vehicle.  Rotor  selection  was  based  upon  performance 
analysis.  Design  and  integration  studies  indicated  that  the  autogyro 
AERCAB  can  t*  stowed  ir,  the  cockpits  of  the  A-7  ard  F-4  aircraft  with 
only  minor  modifications,  it  was  concluded  that  this  concept  is 
feasible,  that  it  should  be  studied  more  extensively,  and  that  an 
experimental  model  should  be  fabricated  and  tested.  This  program  was 
started  in  December  1968  and  completed  in  June  1969  (Reference  14).. 

(5)  Rotary  Ming  AERCAB  Feasibility  Testing  (HAVA1RDEVCEN). 

The  purpose  of  this  program  is  to  verify  the  conclusions  of  the 
feasibility  study  by  demonstrating  the  flight  performance  with  a 
full-scale  experimental  vehicle,  (lore  extensive  testing  of  this  model 
will  be  conduct rd  during  Phase  I to  advance  the  state-of-the-art  and  to 
ascertain  that  the  optima  lifting  surface  is  selected  for  final 
development.  Ihe  following  paragraphs  discuss  the  various  phases  of 
the  Feasibility  Testing. 

(a)  Jet-Car  Testing  (NAVA1RDEVCEN).  This  experinental 
effort  has  been  coapleted.  The  rotor  was  tested  on  the  Jet  car  at  the 
Rival  Air  Test  Facility  at  lakehurst.  New  Jersey.  Rotor  perfo-mance 
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•us  demonstrated  and  tentatively  optimum  values  we-e  selected  for  blade 
pitch  and  blade  coning  angles.  Extension  of  the  telescoped  blades  and 
rotor  spin  up  and  deployment  from  a trailing,  coned  position  Here 
demonstrated.  It  ms  concluded  that  the  autogyro  PERC’-d  r-_  ready  for 
full-scale  ulnd  tunnel  testing.  This  program  uas  started  In  May  1970 
and  ms  completed  In  September  1970  (Reference  IS). 

(b)  MSA  toes  Mind  Tunnel  Tests  (HAVAIROEVCSN).  This 
effort  has  been  coapleted.  The  rotary-ulng  AERCAE  >as  tested  1r  the 

40  x 80-foot  Hind  tunnel  at  the  NASA  Ames  Research  Center.  More  extensive 
rotor  performance  tests  Here  completed  and  It  uas  concluded  that  the  rotor 
thrust  Is  more  than  adequate  for  the  prescribed  n.sslon.  Vehicle 
aerodynamic  data  ms  gathered,  and  staged  deploy-rnt  of  the  complete 
vehicle  ms  demonstrated.  The  reMlnlng  effort  d.rfng  feasibility 
testing  will  be  directed  toMrd  actual  flight  demonstration.  This 
program  ms  started  in  June  1969  and  completed  1r  October  1970 
(Reference  IS). 

(c)  bind  Tunnel  Testing  (iWVA18DEV:E’l).  This  effort  has 
teen  completed.  The  rotary-ulng  AERCAB  vehicle  rclel  ms  tested  in  the 
Naval  Ships  Rescan-  and  Development  Center's  8 x 10-foot  Hind  tunnel 
for  a total  of  SO  data  runs.  Aerodynamic  characteristics  Here  Initially 
obtained  for  the  seat  plus  man  less  rotor  configuration.  Comparative 
data  ms  then  collected  by  varying  tall  fin  size,  boom  length,  or  both. 

The  Influence  of  various  nose  fairings  on  the  drag  and  stability  of  the 
basic  rotorless  vehicle  MS  also  evaluated.  The  resultant  aerodynamic 
data  uhen  coupled  ulth  empirical  rotor  data  ms  used  to  predict  lateral, 
longitudinal,  and  directional  stability  characteristics  of  the  rotary- 
wing  AERCAS  manned  flight  test  vehicle.  This  program  ms  started  in 
October  1970  and  completed  In  February  1971  (Reference  16).. 

(d)  Flloht  Testing.  Manned  flight  tests  of  the  AERCAB 
vehicle  equipped  with  a 16-foot  diameter  rotor  were  conducted  1r 
January  1972  to  assess  the  influence  of  a relatively  high  disc  loading. 
Following  satisfactory  demonstration  of  flight  cat  elllty  under  these 
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conditions,  the  14-foot  diameter  telescoping  blades  Mere  substituted 
to  successfully  demonstrate  flight  performance  of  the  configuration 
which  Mould  ultimately  be  integrated  In  operational  aircraft.  These 
tests  uere  completed  in  January  1972  (Reference  17). 


(e)  Laboratory  Testing.  Static  and  dynamic  laboratory 
tests  and  rotor  oversseed  tests  Mere  conducted  to  demonstrate  the 
structural  adequacy  of  the  experimental  vehicle  previous  to  entering 
the  Mind  tunnel.  These  tests  Mere  started  in  April  1970  and  were 
completed  In  June  1973. 


c.  Sallwinq 

(1)  Sal King  AERCAB  Feasibility  Investigation  (HAVAIRDEVCEN). 
This  study  effort  conducted  by  Fairchild  Industries  has  been  completed. 
The  Sallwlng  concept,  which  is  similar  to  a light  conventional  aircraft, 
M.IS  Investigated  for  Its  feasibility  and  practicality  as  a highly 
-rflclmt  configuration  potentially  applicable  to  the  AERCAB  escape/ 
rescue  operational  environment.  Each  wing  Is  formed  by  a rigid  leading 
. !.;e  spar  and  a trailing  edge  cable  with  fabric  stretched  between  them. 
Tue  leading  edge  spar  Is  designed  to  fold  In  two  sections  to  permit  the 
vehicle  to  be  stowed  in  the  cockpits  of  the  A-7  and  F-«  aircraft  without 
major  modification.  Performance  analysis  and  trade-off  studies  were 
•Iso  performed.  The  results  of  the  analytical  study  indicated  that  the 
Sailwing  AERCAB  Is  feasible  and  merits  further  Investigation.  These 
tests  wen  started  In  December  1968  and  completed  In  July  1969  (Reference 


(2)  Sailwing  AERCAB  Feasibility  Testing  (KAVAIROEVCEH) ■ The 
purpose  of  this  program  uas  to  verify  the  conclusions  of  the  feasibility 
study  by  demonstrating  flight  performance  with  a full-scale  model.  Hore 
extensive  testing  of  this  nodel  will  be  conducted  In  Phase  I to  advance 
the  state-of-the-art  and  ascertain  that  the  optlmaa  lifting  surface  Is 
selected  for  final  development.  The  following  paragraphs  discuss  the 
various  phases  of  the  feasibility  testing  (Reference  19).. 


' 1 

! \ 


■v- 

■x 


- 

i 


f /. 


r 

i - 


/ 


AFFDL-TR-74-22 
Volume  I 

(a)  Quarter-Scale  Si'i'iwlnq  Mind  Tunnel  Program 
(WAVA1ROEVCEW) . This  program  has  been  completed.  A quarter-scale  model 
of  the  Sailwing  AEKCAB  was  evaluated  In  the  wind  tunnels  at  the  KASA 
Langley  Research  Center  and  at  Hrlght-Pattersen  Air  Force  Base.  The 
tests  were  conducted  to  verify  the  predicted  values  of  aerodynamic  loads 
and  moments  acting  on  the  AERCAB.  From  the  tes'S  «e  concluded  tnat  the 
full-scale  vehicle  should  be  longitudinally  and  directionally  stable 
and  that  spoilers  located  on  the  upper  surface  of  the  wings  at  the 
leading  edges  could  provide  sufficient  lateral  control.  This  program 
was  started  In  September  1969  and  was  completed  in  November  1969. 

(b)  Semispan.  Hind  Tunnel  Tests  (KAYA1RDEVCEM).  This 


phase  of  the  program  has  been  completed.  A single  wing  and  the  semispan 
vehicle  were  tested  in  the  8‘  x 10'  tunnel  at  the  Naval  Ships  Research 
and  Development  Center.  The  objectives  of  these  tests  were  to  investigate 
vehicle  deployment  In  an  alrstrean,  to  Investigate  wing  performance 
characteristics,  to  determine  the  optimum  trailing  edge  cable  tension, 
and  to  evaluate  wing  spoiler  effectiveness.  The  testing  indicated  that 
the  spoiler  provided  adequat-  control  forces  and  that  the  wing  Is  an 
efficient  aerodynamic  surface.  Some  difficulties,  however,  were 
encountered  during  deployment.  The  wing  mechanism  had  to  be  revised 
prior  to  further  testlrg.  This  program  was  started  In  February  i»/0 
and  was  completed  In  Hay  1970. 


(c)  RASA  Langley  Mind  Tunnel  Tests  (KAVAIRPEVCEN).  This 
phase  of  the  program  has  been  completed.  The  covplete  full-scale  model 
was  tested  In  the  wind  tunnel  at  the  NASA  Langley  Research  Center  at 
velocities  up  to  80  knots.  The  purpose  of  the  test  was  to  further 
evaluate  the  performance  characteristics  of  the  Sailwing  and  the 
deployment  capability  of  the  AERCAS.  Results  of  the  aerodynamic  test 
were  generally  good,  but  Investigation  of  wipg  and  fuselage  flow 
patterns  In  future  wind  tunnel  tests  was  recommended  to  assist  In 
fairing  optimization.  Deployment  was  Improved,  but  we  encountered 
difficulties  again,  which  required  additional  design  changes.  This 
program  was  started  In  April  1970  and  completed  in  August  1570. 
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(d)  MSA  A-es  Wind  Tunnel  Tests  fNAVAiROEVCEN).  This 
phase  o"  the  program  has  been  completed..  Wind  tunnel  tests  were 
performed  with  the  full-stale  model  at  the  NASA  Anes  Research  Center.; 
Maxinae  velocities  for  the  aerodynamic  and  deployment  portions  of  the 
tests  were  150  and  70  knots,  respectively.  The  vehicle  was  tufted  for 
son  of  the  aerodynaric  tests  to  determine  the  flow  pattern  around  the 
wing  and  fuselage.  Carter  reversal  of  the  lower  wing  surface  was 
erperlenced  at  approximately  120  knots.  The  deployment  test  was 
suspended  due  to  the  failure  of  the  wing  deployment  cable.  Demonstration 
of  deployment  by  truck  will  be  required  before  any  additloral  wind 
tunnel  test  Is  scheduled.  Vehicle  aerodynamic  data  was  recorded  on  the 
fully  deployed  vehicle.  This  program  was  started  In  June  1969  and  was 
completed  In  October  1970. 

(ej  Sliding  Flight  Tests  (NAVAERORECFAC) . These  tests 
at  the  Naval  Aerospace  Recovery  Facility  have  been  suspended  following 
structural  failure  experienced  during  the  Initial  free  flight.  A 
full-scale  model  of  the  Sailwing  vehicle  was  lifted  in  Its  deployed 
configuration  by  a helicopter  and  transitioned  to  stable  tow  at  the 
release  speed.  Upon  Its  release  from  tow,  the  vehicle  exhibited  short 
duration  stable  flight  prior  to  entering  a dive  and  exceeding  design 
speed.  Structural  failure  occurred  before  the  vehicle  recovery  system 
could  be  actuated.  The  Instability  was  attributed  to  vehicle  eg 
Shift  and  lack  of  control..  This  program  was  started  In  October  1970 
and  was  completed  In  February  1971. 
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(f)  Laboratory  Tests.  Static  and  dynamic  laboratory 
tests  were  conducted  to  dexxjnstrate  the  structural  adequacy  of  the 
experimental  model..  Initial  deployment  Tests  of  the  vehicle  when  not 
subjected  to  dynamic  pressure  were  also  conducted  previous  to  entering 
the  wind  tunnel.  These  tests  were  started  In  Decenber  1969  and  were 
completed  In  April  1970. 
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d.  Rigid  Wing 

0)  laboratory  Tests  (AFFPl).  Static,  arc  dynamic  laboratory 
tests  were  conducted  to  demonstrate  the  structural  adequacy  of  the 
experimental  wing  semispan.  Repetitive  deplo/W,‘hf  tests  of  the  semispan 
when  not  subjected  to  dynamic  pressure  were  ccrtAicted  p-evious  to 
entering  the  wind  tunnel.  These  tests  started  m December  1970  and  were 
completed  in  April  1971  (Reference  20). 

(2)  Wind  Tunnel  Tests  (AfTpQ.  Testing  of  a deployable  -igid 
wing  semispan  at  the  Naval  Ships  Research  and  Development  Center  7 x 10- 
foot  tunnel  has  been  completed.  The  objectives  of  these  tests  were  to 
investigate  wing  deployment  under  dynamic  pressure,  to  record  wing 
aerodynamic  data,  and  to  evaluate  aileron  effectiveness.-  The  testing 
revealed  that  the  aileron  provides  adequate  control  forces  and  that  the 
deployed  wing  is  an  efficient  aerodynamic  surface  Difficulties  were 
encountered  in  consistently  locking  the  semispan  dirlr«  ^ployments  at 
angles  of  attack  above  9 degrees.  This  program  was  started  in  Hay  1971 
and  completed  in  June  1971  (Reference  20).- 

(3)  NASA  Ames  Wind  Tunnel  Tests  (AFFQL;  Testing  of  a full- 
scale  deployable  rigid  wing  in  the  NASA  Ares  *0*  x 80*  wind  tunnel  have 
been  completed.  Wing  deployment  at  velocities  Up  to  135  knots  was 
successfully  demonstrated.  Aerodynamic  data  or.  & full-scale  AcRCAB 
configuration  was  recorded.  This  program  was  started  in  February  1972 
and  completed  in  June  1973. 

(4)  Rigid  Wing  ACRCAB  Design  (AFFPL).  A preliminary  and  a 
detail  design  phase  was  initiated  and  completed  in  F*  73.  The  primary 
purpose  was  to  substantiate  the  viability  of  the  rigid  wing  AERCAS 
configuration.  The  AERCAB  configuration  resulting  froc  this  analytical 
effort  represents  the  most  compact  stowed  arrangenent  and  lightweight 
system  yet  achieved  using  a rigid  wing  as  tne  lifting  surface.  AFF0L- 
TR  73-134  (Reference  3)  documents  this  wonc. 
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e.  Lifting  Surface  Subsystea  Renarks 

The  most  critical  subsystea  for  this  concept,  from  a technical 
risk  standpoint,  Is  the  lifting  surface.  We  need  a lifting  surface  that 
is  as  efficient  as  possible  while  still  being  stowable  within  the  confines 
of  the  seat,  and  which  can  be  deployed  at  AERCAB  velocities.  The  thrust 
required  to  attain  the  performance  goals  of  the  AERCAB  concept  is  directly 
related  to  the  efficiency  of  the  lifting  surface  subsj  "en.  The 
propulsion  subsystem  requirements  cannot  be  defined  until  the  1 if tit* 
surface  has  been  selected.  At  this  point,  none  of  the  candidates  being 
studied  for  the  AERCAB  lifting  surface  have  demonstrated  either  superiority 
or  inferiority  to  tht  other  devices.  Table  I is  presented  to  reflect 
the  progress  achieved. 


TABLE  t 

DEVELOPMENT  MILESTONES 

FARAtfUVC  SA1LWDIC  ROTOR 


SrECIFICATION  X 
FEASIBILITY  STUDY  X 
DCS tCX  X 
MODEL  FABRICATION  X 
LABORATORY  tests  x 
WD8>  1IMUI  TESTS  X 
SLED  TESTS  X 
mar  TESTS  x 
TEARS  in  ORAL  DEFLOTMEWT  X 


RIGID 

vne 


AERCAB  EGRESS 


■_<V  _» ' * . Vv-  > r 


AFFa-TR-74-22 
Volune  I 

3.  AVIONICS  MO  FLIGHT  CONTROL  SUBSYSTEMS  INVESTIGATION 

Successful  aircrew  recovery  In  a hostile  environment  requires  more 
than  just  the  ability  to  remain  airborne;  it  requires  guidance, 
navigation,  and  control  (GMtC) . The  GN1C  functions  are  a vital  decent 
In  the  AEACAB  safe-area  concept.  An  emergency  situation  In  a hostile 
environment  Is  neither  the  tine  nor  place  for  a recreation  of  the 
legendary  "wrong-may  Corrigan." 

a.  Guidance.  Navigation, and  Control.  Perforrance  guidelines 
necessary  for  the  operational  functioning  of  the  GXtC  system  are: 

(1)  Automatic  Functioning.  For  the  extreme  case  of  an 
Incapacitated  crewman,  the  AEACAB  system  should  perform  all  necessary 
functions  required  to  reach  the  safe  area  "hands  off  " Additlo  a’ly, 
manual  overt de  control  mist  be  available  at  all  t<nes. 

(2)  Secure  Safe  Areas.  The  GNAC  system  should  operate  with  a 
safe  area  that  has  no  signature  detectable  to  hostile  forces  (e.g.,  no 
homing  beacon). 

(3)  Secure  Navigation.  The  navigation  technique  employed 
should  be  autonomous  and  resistant  to  electronic  countermeasures. 

(4)  Accuracy  Acquirements.  The  accuracy  required  of  the  CMC 
system  Is  directly  related  to  the  size  and  ranges  of  the  safe  areas. 
Conversely.  In  future  operations,  the  size  and  ranges  of  the  safe  areas 
util  be  directly  related  to  the  accuracy  achievable  by  the  AEACAB. 

A study  was  conducted  by  The  Analytic  Sciences  Corporation  under 
contract  to  the  Air  Force  Avionics  Laboratory  Investigating  "Guidance, 
Navigation,  and  Control  Concepts  for  a Flyable  Ejection  Seat,"  AFAL- 
TA-73-394.  A wide  spectnm  of  GMC  approaches  ms  investigated. 
Including  the  following  navigation  techniques: 

Unaided  Dead  Beckoning  Ground 
Ground  Based  Direction  Finding 
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Airborne  Direction  Finding 


LOOM  (Hyperbolic) 

Direct  Ranging  LORM 

Short  Range  Hyperbolic  Systems 


Satellite 
Star/Sur.  Trac'ter 
Optical  Correlator 
Radar  Correlator 

Growid  Based  Radar  Tracking  with  Data  Link 


b.  Feasible  Approach 

(1)  Flight  Control  Subsystems.  Automatic  control  suggests 
that  AERCA8  manual  modes  be  Fly-by-Hire  for  the  spectnaa  of  lifting 
surface  configurations.  In  addition  to  lowering  overall  system  weight 
and  cost,  potential  conflict  between  the  automatic  (electrical)  and 
manual  (mechanical)  control  elements  Is  eliminated.  Handling  qualities 
could  be  improved  through  the  electronic  'shaping*  of  pilot  comnds 
and  the  decoupling  of  hand  controller  forces  from  aerodynamic  loads  and 
actuactlon  mechanisms.  The  fly-by-wire  requires  a source  of  electrical 
power  for  control  wider  engine  off  conditions.  A small,  high  anperaqe, 
short-life  battery  Is  Included. 
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(2)  Autopilot  A Guidance  Subsystems.  A general  purpose  digital 
computer  Is  proposed  for  the  logic  function  o'  this  subsystem.  The 
autopilot  requirements  and  any  stability  augmentation  requirements  are 
dependent  on  the  aerodynamic  characteristics  of  a particular  AERCAB 
configuration.  The  guidance  system  requirements,  which  can  best  be 
performed  by  digital  logic,  are: 

(a)  Monitor  and  assess  navigation  data. 

Q>)  Generate  autopilot  cocnands, 

(c)  Management  of  minima  tlne/aaximm  range  cruise 

policies. 

(3)  Navigation  Subsystem.  The  most  feasible  state-of-the-art 
navigation  technique  was  determined  to  be  hyperho'ic  LORAN.  An  additional 
concept  using  Direct  Ranging  LORAN  also  appears  feasible  and  may  be 
desirable  for  its  higher  accuracy.  For  example,  i*  a hyperbolic  LORAN 
navigation  system  were  used  and  if  a safe  area  were  to  be  located  at 
coordinates  ('500,  *500)  in  Figures  12  and  13.  then  the  minima  safe 
area  radius  (corresponding  to  the  radial  error)  would  be  approximately 
10.000  feet.  If  a Direct  Ranging  LORAN  navigation  system  were  used, 
however,  this  radius  woulo  be  approximately  1200  feet.  Thus,  greater 
system  accuracy  has  reduced  the  safe  area  needed  from  11.3  square  miles 
to  0.162  square  mile.  Differences  in  terrain  alone  (e.g.,  desert  vs. 
Jwgle)  nay  require  or  negate  this  Increased  accuracy. 

«.  REMARKS  ON  TECHNICAL  FEASIBILITY 

The  exploratory  programs  conducted  to  date  hare  indicated  the 
technical  feasibility  of  the  AERCAB  concept  and  substantiated  the 
.-ttainnent  of  Its  capability.  A void  exists  in  the  technical  date  base 
for  comparatively  evaluating  the  assets  of  the  individual  AERCAB 
configurations  In  that  achievement  of  all  preestablished  technical 
milestones  has  not  been  accomplished  for  each  configuration.  The 
parawing  configuration  successfully  completed  all  phases  of  initial 
feasibility  testing  while  the  rotor,  sailwing,  and  rigid  wing 
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configurations  have  Halted  testing  re»1ning.  The  fact  that  not  all  of 
the  concepts  have  reached  the  sane  stage  of  development  Is  not  a 
reflection  on  the  capability  of  a particular  configuration  but  Is  acre 
indicative  of  the  level  of  effort  applied  to  each. 

He  concluded  that  an  automatic  Guidance,  Navigation,  and  Control 
system  for  the  AE8CAB  vehicle  is  not  only  feasible,  but  that  it  would 
be  highly  desirable  since  it  roves  the  probability  of  successful 
crew  retrieval,  particularly  in  cases  where  the  pilot  is  injured,  by 
optimizing  the  flight  performance  of  the  vehicle  and  providing  navigation 
to  a safe  area. 

Reference  3 contains  the  detailed  dociawitation  of  a feasible  Rigid 
King  AERCAB  design  conducted  during  this  study.  Reference  * contains 
detailed  accuracy  and  cost  analyses  of  feasible  GNtC  approaches. 
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SECTION  VI  1 

TECHNICAL  PRACTICABILITY  ! " 

1.  CENTRAL  i 

Is  An  AERCAB  technically  practicable?  The  ultimate  answer  to  this 

question  cocld  best  be  determined  by  conducting  an  Advanced  Development 
Program.  Without  the  benefit  of  prototype  experimental  results,  a 

complete  assessment  of  the  engineering  practicability  of  the  AERCAB  ; 

concept  Is  not  possible.  However,  some  useful  Information  can  be 
gained  through  analyses. 

2.  APPROACH 

Am  Investigation  was  conducted  within  the  AFFIX,  to  provide  AERCAB 
vehicle  configuration  Inputs  for  a system  effectiveness  analysis.  The 
approach  employed  Involved: 

(1)  An  analysis  and  evaluation  of  available  AERCAB  data  to 
establish  a data  base  for  foraulatton  of  vehicle  configurations  and  to 
examine  the  state-of-the-technology  In  this  area; 

(2)  A parametric  development  of  configurations  cubseouently  used 
In  the  effectiveness  analysis:  and 

(1)  A paint  design  definition  of  an  AERCAB  vehicle  that  offers 
solutions  to  any  performance  and/or  aircraft  Integration  problems 
■■covered  tm  previous  analyses. 

' \-V'  • ! 

3.  ANALYSIS  OF  PREVIOUS  DESIGNS  j 

Previous  feasibility  and  design  study  results  of  various  AERCAB 
configurations  were  reviewed.  Evaluation  procedures  were  employed 
which  Involved  detailed  checking  of  the  available  engineering  drawings. 

Particular  attention  was  directed  to  structural  asseatilies  In  terms  of  , 

weights  and  drag  estimates.  ■ 
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*.  Heights.  In  each  configuration  analyzed  (Parawing,  Rotor, 
and  Sailwing),  larger  gross  weights  were  calculated  than  quoted  in 
previous  analyses,  thich  of  the  discrepancy  between  the  calculated 
configuration  weights  of  this  study  and  those  developed  previously  was 
in  the  weights  of  crewnan,  seat  asseebly,  and  survival  kit.  Component 
weight  estimates  are  shown  in  Tables  II,  III,  and  IV.  These  estimates 
are  compared  with  'hose  previously  quoted  in  Reference  5. 

Escalating  component  weights  requires  that  propulsion,  lifting, 
stabilization,  and  control  subsystems  be  scaled  upward.  Resultant 
vehicle  designs  will  be  heavier  and  larger,  and  thus  add  additional 
complexity  to  the  already  difficult  task  of  retrofitting  the  AERCAB 
system  into  existing  aircraft  without  major  structural  modification. 

The  integration  of  AERCAS  configurations  into  new  aircraft  where  cockpit 
voluae  is  not  already  constrained  is  considered  very  practicable. 

b.  Aerodynamics  Evaluation.  Drag  and  lift  analyses  were  accomplished 
for  the  Parawing  and  Sailwing  using  the  aerodynamic  prediction  methods 
docs.«nted  in  Reference  5.  Aerodynamic  characteristics  appear  in 
Figures  14  ard  15.  Maximum  system  lift  and  drag  ratios  (L/D)  are 
approximately  3.7  and  2.7  for  the  Sailwing  and  Parawing  AERCABs, 
respectively.  These  L/D  values  are  lower  than  earlier  analytical  studies 
predicted,  although  improvements  may  be  possible  if  packageability 
constraints  are  removed  (i.e..  not  designing  to  retrofit).  The  largest 
contributor  to  the  L/0  differences  were  found  in  the  estimates  of 
nonlifting  system  drags. 

c.  Performance  Evaluation.  A performance  analysis  of  the  Parawing 
and  Sailwing  configurations  was  accomplished.  The  Sailwing  weight  and 
aerodynacic  revisions  were  considered,  and  a range  performance  of 

30  nautical  miles  was  calculated  for  flight  at  a 500  foot  altitude  and 
100  knots.  Flying  gross  weight  for  this  revised  design  is  685  lbs  with 
the  original  45  lbs  of  fuel.  To  achieve  the  design  condition  of  50 
nautical  miles,  a flying  gross  weight  of  715  lbs  was  found  to  be 
necessary.  This  vehicle  would  require  an  engine  of  318  lbs  SIS  thrust 
and  75  lbs  of  fuel. 
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TABLE  II 

PARAWIKC  AERCA1  WEIGHTS  (LBS.) 

PAEWIHC 

PROPULSIOH 

covixols 

FURJtlSHIHCS  1 

msnnxEXTs 

FUEL 

PILOT  J 

PLY1HG  GROSS  WT.  < 

TABLE  III 

ROTOR  AERCAB  WEICHTS  (LBS.) 

ROTOR  CROUP 
TAIL  CROUP 
PROPULSION 

controls 

furrishihcs 

nSTRUHEXIS 

msc.  HARDWARE 

FUEL 

PILOT 


PLYIHC  GROSS  WT. 
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SA1UUI1C  AEXCAB  WEIGHTS  (LIS.) 


SAILWISC  GROUP 


TAIL  GROUP,  FAIRIHCS,  HISC. 


(LTiac  doss  wEiorr  657.8 

Simultaneous  Application  of  recalculated  weights  and  aerodynamics 
estimates  to  the  Parawing  AERCAB  also  resulted  in  lower  perforaance. 

For  the  flying  gross  weight  of  623  lbs, the  cruise  range  is  estimated  at 
40  nautical  miles.  To  cruise  the  design  goal  of  50  nautical  miles,  the 
flying  gross  weight  would  have  to  be  Increased  to  approximately  675  lbs. 

These  existing  designs  are  judged  to  be  marginal  with  respect  to 
performance  achievable  versus  perfomance  desired.  Greater  engine  size, 
fuel  voltae,  and  wing  area  appear  necessary  to  achieve  established 
performance  goals;  however,  the  effectiveness  analysis,  as  discussed  in 
Section  III,  demonstrates  that  any  range  capability  is  always  better  than 
a no-range  capability. 

To  upgrade  the  existing  designs  to  meet  the  established  performance 
goals  iaplies  an  Increase  in  stowed  volume  which  is  already  critical  for 
F-4  and  A-7  installations.  For  AERCAB  flight  range  exceeding  50  nautical 
miles,  major  cockpit  modifications  would  have  to  be  made  to  the  F-4  and 
A-7  aircraft. 
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Synthesis  of  rawing  and  Sailwing  configurations  were  completes  and 
included  in  the  effectiveness  evaluation  of  the  AERCAB  as  described  in 
Section  III  of  this  reoort.  Aerodynamic  analysis  techniques,  weights 
scaling  equations,  and  engine  site/performance  data  described  in  Reference 
S were  used  in  the  parametric  synthesis  of  these  designs.  Some  of  the 
results  are  presented  in  Figures  IS  through  22. 

S.  POINT-DESIGN  SOLUTION 

The  prevailing  general  design  philosophy  employed  for  AERCAB  has  been 
a sizeable  wing  area  collapsed  into  a greatly  reduced  voliane  for  stowage. 
This  approach  was  found  to  have  several  major  shortcomings:  (1)  the  types 
of  lifting  systems  that  are  superior  from  a stowage  point  of  view,  are 
inferior  from  an  aerodynamic  efficiency  standpoint;  (2)  the  resulting 
low  wing  leading  is  unnecessary  inasmuch  as  drag  due  to  lift  is  a small 
frection  of  total  system  drag  and  low  speed  flight  can  be  obtained  with 
development  of  high  lift  coefficient,  Cj_s  and  (3)  the  aerodynamic 
inefficiencies  accrue  to  produce  higher  thrust  and  fuel  flows  that  induce 
still  larger  stowed  volumes.- 

An  alternate  design  philosophy  emerged  from  the  study  in  which  smaller 
amounts  of  more  efficient  wing  area  c*.i  be  used.  King  design  objectives 
would  be  to  attain  high  L/D  at  high  C^.  he  determined  that  these 
objectives  can  be  net  with  efficient  airfoil  sections  as  applied  to  a 
"rigid"  wing.*  A wing  weight  penalty  results,  but  weights  comparable  to 
those  for  the  Parawing  and  Sailwing  designs  are  achievable.  The  best 
technological  approach  to  rigid  wings  has  not  been  determined,  but  several 
candidate  systems  are  available  which  offer  considerable  freedom  in  airfoil 
shaping. 


*A  "Rigid"  AERCAB  w.ng  is  one  that  retains  a constant  aerodynamic  shape 
regardless  of  flignt  attitude  and  dynaaic  pressure.  A "Rigid"  wing  may 
be  in  a collapsed  condition  when  stowed  but  attains  and  retains  its 
aerodynamic  shape  and  efficiency  after  deployment  into  its  'light 
configuration. 
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By  changing  console  configurations  in  the  F-4  and  A-7  cockpits, 
they  can  accommodate  an  AERCAB  stowed  width  of  up  to  26  Inches.  The 
changes  will  affect  only  such  components  as  nonload-bearing  structure, 
plumbing,  electrical  wiring,  and  controls  placement.  There  is  a 
possibility  of  attaching  the  AERCAB  wings  to  the  sides  of  the  seat; 
by  allowing  18  inches  for  the  pilot's  seat  pan,  we  could  use  approximately 
4 Inches  of  width  per  side  for  the  stowed  wings.  In  addition,  up  to 
M inches  of  wing  chord  can  be  used  without  interfering  with  the  rear 
bulkheads  in  the  cockpits. 

Four  feet  of  stowed  wing  span  (per  side)  can  be  obtained  if  the 
upper  regions  of  the  seat  structure  are  utilized.  In  this  design, 
space  has  been  used  to  the  best  advantage  by  employing  an  "Alverez- 
Caledron*  wing  concept  in  which  outer  wing  panels  are  hinged  and  tucked 
under  bigger,  inner  wing  panels.  The  inner  panels  are.  in  turn,  hinged 
to  an  18-inch  span  section  fixed  to  the  top  of  the  seat.  Kith  this 
arrangement,  a deployed  wing  span  of  17.1  feet  can  be  realized. 

For  a design  flying  gross  weight  of  700  lbs,  a stall  speed  of  67  kts 
at  sea  level  (equivalent  to  the  Stratos -Western  basic  sailwing  design) 
requires 


«lS 


''fG  . 700 

T 151 


45.5  sq.  ft. 


where 

• flying  gross  wt.  (lbs) 
q • dynamic  pressure  (psf) 

!y  designing  the  basic  wing  with  a Fowler  type  wing  c.mrd  extension 
(which  may  also  be  used  an  an  aileron  and  flap  by  providing  a double 
hinge  action)  a ratio  of  flap  area  to  wing  area  of  0.35  can  be  achieved; 
this,  in  turn,  is  worth  an  incremental  maxi nuc  lift  coefficient  increase 
> of  appraxiuately  1.8.  Starting  with  a flat-bottomed  airfoil 
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(to  facilitate  the  Alverez  approach)  with  a C, 
Reynolds  Nacbers  involved  here,  a total 


^,°f 


of  1.25,  at  the  low 
over  3.0  is  possible. 


This  is  the  C.  required  to  achieve  a stall  speed  of  70  knots  at  sea 

Sax 

level.  The  flap  extended  for  cruise  flight  merely  acts  as  additional  wing 
area  and  brings  the  total  platform  area  to  22  sq.  ft. 

Using  an  airfoil  thickness  ratio  of  191  results  in  a maximum  wing 
thickness  of  1.9  Inches.  If  the  wing  deployment  mechanism  serves  as  a 
wing  strut  brace  when  the  wing  is  unfolded  and  locked  in  place,  then  a 
large  wing  span  to  thickness  ratio  {b/t)  can  be  tolerated;  in  this  case, 
b/t  - 106.  Such  a large  b/t  value  will  necessitate  a certain  level  of 
stiffness,  which  might  be  achieved  with  cov'jsites  or  thick  aluminum 
skins. 

Of  the  48.5  lbs  of  total  fuel,  40  lbs  is  available  for  cruise. 

Cruise  lift  coefficients  between  1.02  and  1.06  are  required  at  100  knots 
and  5000  ft  altitude,  which  lead  to  llft-to-drag  ratios  of  9.5  to  9.9. 

Very  small  powerplants  can  be  used  with  resultant  low  fuel  flows.,  A 
cruise  range  of  78  nautical  miles  is  estimated. 

6.  REMARKS  ON  TECHNICAL  PRACTICABILITY 

Although  the  current  AERCAB  configuration  designs,  based  on  analysis 
omly.  are  marginal  with  respect  to  performance  achievable  versus 
performance  desired,  performance  can  be  improved  If  higher  L/0  ratios 
can  be  achieved.  This  may  be  Impractical  with  some  or  all  of  the  existing 
designs,  particularly  when  retrofitting  into  existing  aircraft.  Itore 
efficient  airfoils  could  be  selected  as  the  lifting  surface,  and  fairings 
could  be  used  more  effectively  to  reduce  the  high  system  drags. 
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The  most  critical  dimensional  constraints  imposed  by  the  F-4  and  A-7 
aircraft  are  those  between  the  rear  extremities  of  the  AERCAB  and  the 
aircraft  cockpit  aft  bulkhead.  A forward  displacement  of  only  3 inches 
of  the  design  eye  position  will  enable  a 50-nautical-rile  AERCAB  to  be 


AFFDl-TR-74-22 
folime  I 

instilled.  Any  fore  or  aft  displacement  of  the  seat,  however,  would 
affect  the  pilot's  relationship  to  control  stick,  throttle,  instrment 
panel,  rudder  pedals,  etc.  ; 

Feasibility  and  operational  analyses  and  exploratory  hardware  i 

programs  have  progressed  to  the  point  where  the  military  potential  and 
functional  characteristics  of  the  AEACA8  concept  as  an  integrated  system 
must  be  demonstrated  to  further  assess  its  technical  practicability.. 

An  advanced  development  program  to  demonstrate  engineering  practicability 
through  flight  evaluation  of  an  AZRCAB  prototype  is  considered  the  next 
logical  step.  Oetatls  of  the  AFFX  in-house  vehicle  design  analysis  are 
presented  in  Reference  5. 
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1.  GENERAL 

Is  the  AERCAB  a cost-effective  system?  This  Is  a most  difficult 
question  to  answer  because  many  aspects  Involved  (morale,  himanitartcn, 
etc.)  cannot  be  quantified,  and  were  not  included  In  the  analysis; 
thus,  these  results  reflect  only  partially  the  true  value  of  an  escape/ 
rescue  concept.  Nevertheless,  there  is  a dollar  value  which  is 
measurable  — the  costs  Involved  in  training  replacement  personnel.-  If 
the  training  replacement  costs  are  known,  or  can  be  reasonably  estimated, 
them  it  is  possible  to  determine  a dollar  value  for  achieving  a specified 
recovery  rate,.  Savings  of  these  costs  can  then  be  compared  with  cost 
estimates  for  developing,  acquiring,  operating,  and  maintaining  the 
AERCAB  system.  In  this  section  we  will  not  attempt  to  make  an  absolute 
judgement  about  AERCAB  cost  effectiveness,  but  rather  to  provide  cost 
analysis  information  (preliminary  at  best)  which  may  be  used  tc  ir~i’*te 
subjective  judgements  about  the  relative  merits  of  the  AERCAB  ..  .em. 


i ? 
i.  - 


V 

A 


i 

i- 

!\ 

IV 

> * . 
i 


■s 

& 


2.  CREW  REPLACEKNT  TRAINING  COSTS 

The  following  information  was  used  in  arriving  at  a representstive 
value  for  replacement  training  costs  for  Air  Force  crew  mrnhers  (Source 
AM  172-3,  Chapter  22.  27  Oct  1970): 


BASIC 


* 


'V ; ■ - y Undergraduate  hi  lot  Training  - 185,970  * 

•Jr--'  Undergraduate  Nav-training  -{38,750 

SPECIALIZED  (additive  to  basic  costs) 

- Aircraft  Commander  Ueapcn  Systems  Officer 

5213,140 

$440,780-408,190 

$241,480-244,280 

$102,460-147,060 


RF-101 

F-105 

F-100 

F-4 


$82,470-139,500 
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Naval  Air  Development  Center  information  concerning  Naval  crew 
replacement  costs  was  provideJ  in  a classified  memorandum  identifying 
specific  Navy  costs.  Desired  information  Is  presented  in  Appendix  II. 

Only  the  Air  force  training  costs  were  used  in  this  analysis.  Total  cost 
to  the  government  when  a highly  trained  crewmember  is  lost,  however, 
would  include  cost  considerations  in  addition  to  crew  training  replacement. 

The  actual  computer  model  inputs  used  per  F-4  crew  were  $411,300  for 
the  Navy  and  $439,150  for  the  Air  Force.  These  values  are  based  on  Air 
Force  training  cost  information  and  on  the  assumption  that  all  Navy  F-4 
crews  consist  of  a pilot  and  a navigator,  »nd  that  half  of  the  Air  Fo'xe 
crews  consist  or  two  pilots  and  half  of  one  pilot  and  one  navigator.- 

3.  ESCATEE  COST  MODEL 

The  cost  parameters  and  related  estimates  for  the  AERCAB  system  were 
developed  by  AFFQi  personnel.  The  cost  parameters  were  used  as  a basis 
for  development  of  the  ESCAPEE  cost  model 

TOTE  cost  estimates  were  assumed  to  be  the  sane  for  both  weight 
classes  of  AERCAB  configuration.  Analysis  indicated  the  difference  in 
total  ROTE  cost  was  less  than  2-;  thus,  the  model  was  written  to  assume 
that  ROTE  cost  was  constant  with  respect  to  the  weight  of  toe  AERCAB. 


Acquisition  cost  estimates  were  generated  for  four  procurement 
quantities..  The  actual  production  costs  of  the  AERCAB  were  such  that 
they  could  be  closely  approximated  by  a curve  of  the  form  aN^,  where  N 
Is  the  procurement  quantity,  and  a and  b are  constants.  Figure  23 
demonstrates  how  a graph  of  the  production  cost  estimates  was  used  to 
develop  the  constants  a and  b..  The  fit  shown  resulted  from  values  of 
88.4  and  0.9  for  a and  b,  respectively.  Other  components  of  the 
acquisition  cost  (production  support,  AGE,  spares)  also  varied  with  the 
mmber  of  AERCABs  procured.  Values  for  these  inputs  were  determined  by 
linear  interpolation  from  the  available  data.  Including  the  cost  of 
Initial  AERCAB  training  In  the  acquisition  cost,  in  terms  of  the  training 
cost  per  aircrew  menber. 
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The  cost  estimates  for  aircraft  modification  were  generated  In  the 
fore  cf  kit  costs,  regulred  manhours,  and  cost  per  manhour.  From  these 
estimates,  the  total  modifications  cost  can  be  computed  on  tn*  basis  of 
the  maber  of  AERCABs  to  be  procured. 

The  annual  peacetime  operating  and  maintenance  costs  were  estimated 
on  the  basis  of  hours  of  maintenance  regulred  per  year  and  cost  per 
manhour.  No  attempt  was  made  to  estimate  wartime  costs. 

The  estimates  of  AERCAB  replacement  and  crew  replacement  costs  were 
made  on  the  basis  of  one  thousand  sorties  flown.  The  nunber  of  AERCABs 
to  be  replaced  Is  then  readily  calculated  given  the  aircraft  attrition 
rate.  The  cost  of  replacing  this  nunber  of  AERCABs  Is  considered  to  be 
the  production  cost  taken  between  appropriate  points  on  the  emulative 
production  cost  curve.  The  crew  replacement  cost  Is  calculated  as  a 
negative  nmber  which  represents  the  savings  ' m the  return  of  crews 
who  would  have  been  lost  without  the  AERCAB.  The  ntnber  of  crews  saved 
is  generated  by  the  effectiveness  model  for  a particular  scenario..  The 
amount  saved  per  crew  Is  considered  to  be  the  cost  of  training  a new 
crew.  This  Is  an  Input  and  may  represent  the  cost  of  training  two  pilots 
or  one  pilot  and  one  navigator. 

«.  COST  ANALYSIS 

A listing  of  actual  Input  data  and  output  results  for  one  run  of  the 
cost  model  appears  in  Reference  1.-  By  combining  the  results  of  cost 
model  runs  for  various  procurement  sizes.  It  was  possible  to  produce 
graphs  such  as  Figures  Z4  and  25  idtlch  show,  respectively,  the  cumulative 
cost  and  average  cost  per  AERCAB  plotted  against  the  buy  size. 

In  particular,  the  upper  curve  of  Figure  25  Is  obtained  by  plotting 
tbe  total  of  RDT1E,  acquisition,  operating  and  maintenance,  and  aircraft 
modification  costs.  Thus,  for  1000  AERCABs  the  average  cost  is 
$182,000.00  over  a ten-year  perlcd  (see  Figure  25).  The  lower  curve  Is 
obtained  V-  subtracting  tbe  aircraft  structural  modification  cost  from 
the  upper  curve.  Thus,  for  1000  AERCABs  the  average  cost  is  591.0SC  00 
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over  * 10-year  period.  It  should  be  noted  that  the  turves  of  Figure  25 
are  not  straight  lines;  the  second  derivatives  of  these  curves  are 
negative  due  to  learning  curve  effects  on  several  c deponents  of  the  cost. 


5.  REMARKS  ON  COST  EFFECTIVENESS 


The  cost  analysis  conducted  under  this  study  does  not  provide  a true 
and  absolute  answer  to  the  question;  Is  AERCA3  a cost-effective  system? 
This  study  was  Halted  to  the  development  and  analysis  of  AERCAB  system 
costs  traded-off  against  crew  replacement  training  costs.  Some  Indication 
for  the  relative  merits  of  the  system  may  be  gained  through  this  approach; 
however,  a more  conclusive  judgement  could  best  be  formulated  by 
conducting  an  economic  anal  /sis  which  would  identify  the  most  efficient 
means  of  securing  a particular  objective  from  among  several  alternate 
uses  cf  resources. 


This  analysis  does  show  that  for  new  aircraft  the  AERCAB  may  be 
considered  cost-effective  In  a narrow  sense,  the  10-year-llfe-cycle  cost 
(Including  prorated  ROTAE,  production,  and  10-year  peacetime  operation 
costs)  of  an  AERCAB  is  591,000.00.  In  long-range  operations  (penetration 
on  the  order  of  200  nm)  AERCABs  could  save  57?  of  the  crews  of  aircraft 
shot  down  and  who  would  otherwise  be  lost.  Relating  this  to  the  cost 
per  man  used  in  this  study  (approximately  5220,000.00)  means  a 5129,000.00 
savings  per  man  saved.  This  more  than  offsets  the  total  cost  of  the 
AERCAB  equipment  expended,  including  those  units  which  do  not  contribute 
to  a successful  recovery  of  a c remember,  a rescue  and  return  of  at 
least  <2?  In  any  scenario  under  these  cost  conditions  will  result  In  a 
straight  dollar  for  dollar  tradeoff  (l.e.,  dollars  saved  equals  dollars 
spent).  Rescue  and  return  of  a higher  percentage  would  result  In  more 
dollars  saved  than  spent. 
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For  the  case  where  the  AERCAB  is  to  be  retrofitted  into  an  existinq 
aircraft  and  the  nodule  cannot  be  installed  without  a major  structural 
■edification,  then  the  dollar  tradeoff  becomes  a different  story.  Even 
though  the  cost  of  structurally  modifying  an  existing  aircraft  and 
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Installing  AERCAB's  and  operating  such  for  10  years  Is  less  than  the 
cast  of  replacement  crew  training  (S1S2.000.00  versus  $220,000  per  nan), 
the  AERCA8  oust  begin  to  show  a return  of  better  than  80S  of  the  crews 
shot  down  before  the  total  cost  expended  equals  the  dollars  saved  In 
crew  re.  acenent  training.  An  80S  rescue  rate  Is  not  beyond  reason  If 
the  SAR  forces  are  capable  of  recovering  close  to  1005  of  all  crewneiters 
who  reach  designated  safe  areas.  In  this  study  the  SAR  force  successful 
rescue  capability  was  assuied  to  be  70S. 

Possible  SAR  cost  savings  were  not  considered  In  this  study  nor  was 
the  cost  savings  which  nay  be  realized  due  to  fewer  crews  missing  in 
action  or  beaming  prisoners  of  war. 

The  details  of  the  cost  model  and  sample  results  of  the  AERCAB  cost 
analysis  are  presented  In  Reference  1.  Reference  4 contains  AERCAB 
(NIC  cost  estimates. 


AFFDL-TR-74-22 
to  liar  I 


SECTION  VIII 

OVERVIEW  AND  CONCLUDING  REMARKS 


1.  OVERVIEW 

This  study  his  been  ccx  Jucted  to  provide  iddltlonil  Information 
which  Is  pertinent  to  the  assessment  of  the  "fly-away"  escape/ rescue 
concept  as  an  operationally  practice.  approach.  The  scope  of  the  study 
was  Halted  to  an  analysis  of  the  AERCAB  concept  and  did  not  Include  a 
trade-off  with  other  nethods  or  concepts  for  providing  lap  roved  Search 
and  Rescue  capabilities.-  The  approach  taken  was  to  provide  useful 
infornotlon  by  specifically  addressing  the  five  prloary  questions  listed 
and  discussed  below 

a.  the  AERCAh  Operationally  Effective* 

The  AERCAB  Is  shown  to  be  an  effective  escape/rescue  concept  In 
operational  envlronoents.  An  analysis  of  SEA  statistics  Indicates  that 
If  an  AERCAB  systen  had  been  available  for  use  In  conjunction  with  the 
SAR  forces,  an  Increase  of  47X  rescued  could  have  been  realized.  Future 
coabat  rescue  operations  are  predicted  to  be  less  successful  than 
experienced  In  SEA  If  laproved  capabilities  are  not  available;  losses 
on  the  order  of  901  of  ejected  crewaenbers  could  be  expected  In  soee 
scenarios  with  the  current  escape,  search,  and  rescue  capability.  The 
AERCAB  In  conjunction  with  SAR  farces  would  save  sowe  of  these.  It 
Mold  also  reduce  the  SAR  force  losses  by  peralttlng  the  SAR  force  to 
operate  In  lower  threat  level  areas.  ■ 

i i 

fe.  Is  the  AEftCAB  Operationally  Practicable?  } 
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range),  but  each  will  result  in  sow  compromise  in  aircraft  capability. 

The  lesser  penalty,  depending  on  the  mission,  appears  to  be  In  off-loading 
fuel;  this  will  reduce  the  aircraft's  combat  radius  somewhat,  but  most 
missions  either  do  not  require  maxivian  design  range  or  do  provide  for 
midair  refueling. 

Having  fuet  in  the  cockpit  for  the  AERCAB  system  does  not  significantly 
change  the  vulnerable  area  of  the  F-4  aircraft.  It  does  require  that 
special  attention  be  given  to  minimizing  the  potential  of  fires  and 
explosions  in  the  cockpit.  Self-sealing  foam-filled  tanks,  fuel 
scrubbing,  and  a cockpit  fire  suppression  system  are  potential  solutions. 

Other  important  items  to  the  using  conmand,  such  as  maintenance  and 
pilot  training  requirements,  are  not  considered  prohibitive.  More 
maintenance  will  be  required  due  to  the  propulsion  and  avionics 
subsystems  and  associated  components  and  equipment.  The  Increased 
maintenance  requirements  would  be  primarily  in  the  categories  of 
specialized  training  and  more  tine.  The  pilots  and  non-pilot  rated 
backseat  crewceofcers  may  need  sone  additional  training  over  and  above 
that  now  received.  Undergraduate  pilot  training  together  with  simulator 
or  ground  trainer  time  and  an  understanding  of  the  purpose,  capabilities, 
and  limitations  of  an  AERCAB  is  expected  to  be  sufficient. 

c.  Is  the  AERCAB  Technically  Feasible? 
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An  automatic  guidance*  navigation,  and  control  approach  for  AERCAB 
was  analyzed  and  determined  to  be  within  the  current  state-of- technology 
and  producible  at  a reasonable  cost.  We  expect  that  including  an 
automatic  GNAC  system  in  AERCAB  will  improve  the  probability  of  successful 
crew  retrieval  by  easing  the  workload  of  injured  pilots,  optimizing 
flight  performance,  and  provldirg  navigation  to  a safe  f’ea. 


d.  Is  the  AERCAB  Technically  Practicable? 

The  technical  practicability  of  the  AERCAB  has  not  been  completely 
determined,  feasibility  and  operational  analyses  and  exploratory 
hardware  programs  have  progressed  to  the  point  where  the  military 
potential  and  functional  characteristics  of  the  AERCAB  concept  as  an 
integrated  system  must  be  demonstrated  to  further  assess  its  technical 
practicability.  An  Advanced  Development  Program  to  demonstrate 
engineering  practicability  through  flight  evaluation  of  an  integrated 
AERCAB  vehicle  is  considered  the  logical  way  to  fully  address  this 
question. 


Although  assessing  technical  practicability  would  normally  be 
concluded  by  hardware  evaluation,  some  indication  can  be  gained  through 
analysis.  Crew  station  compatibility  and  AERCAB  system  performance 
mere  re-analyzed  during  this  study.  The  shortcomings  of  the  current 
AERCAB  designs  are  mainly  in  the  area  of  poor  lift-to-tfrag  (L/0)  ratios, 
which  lead  to  higher  fuel  consimvtlon.  Higher  L/0  is  desirable  and  is 
determined  to  be  achievable  with  more  efficient  "hanking"  designs. 

Critical  dimensional  constraints  Imposed  on  the  AERCAB  by  the  F-4 
and  A-7  aircraft  suggest  that  if  AERCAB  flight  ranges  are  to  exceed 
$0  nautical  miles,  costly  major  cockpit  modifications  to  these  aircraft 
must  be  accomplished.  Accomodation  of  AERCAB 's  with  flight  range  In 
excess  of  50  nautical  miles  can  be  accooplished  if  AERCAB  system  L/0 
ratios  of  10:1  are  achieved. 
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e.  It  the  «ag»  Cost  Effective? 

Tke  cost  analysis  conducted  under  this  study  does  not  permit  a 
complete  and  unquestionable  determination  of  the  cost  effectiveness  of 
the  AERCAB  concept.  It  does,  however,  provide  a limited  tradeoff  analysis 
of  the  AERCAB  system  costs  against  crew  replacement  training  costs. 


The  cost  analysis  shows  that  the  AERCAB  may  be  cost  effective  for  a 
mew  aircraft.  The  10-year  life  cycle  cost  (Including  prorated  RDTAE, 
production,  and  10-year  peacetime  operation  costs)  of  an  AERCAS  Is 
S91.000.00.  In  the  scenarios  described  In  the  effectiveness  analysis  of 
this  study,  the  AERCAB  increased  die  percentages  of  crews  saved  by 
approximately  2SX  to  60S,  depending  on  the  conditions  of  the  scenario. 
Relating  the  cast  of  the  AERCAB  to  the  cost  per  man,  $220,000,  means 
a $129,000  saving  per  nan  saved.  Using  these  costs,  for  any  coihat 
condition  from  which  the  AERCAB  Increases  the  rescue  and  return 
percentage  by  at  least  42*  would  provide  a straight  dollar  saved  for 
dollar  spent  tradeoff. 

The  case  where  an  AERCA8  retrofit  program  would  require  major 
structural  modification  of  existing  aircraft,  the  breakeven  point  would 
be  Increased  to  better  than  80S  because  the  cost  has  doubled  due  to 
aircraft  mod Iff  ration.  This  success  rate  was  not  achieved  by  AERCAB 
la  the  scenarios  evaluated  In  this  study.  One  factor  Is  that  the  SAR 
throe  extract  "on  capability  was  asswed  to  be  less  than  perfect  (only 
70S  of  those  even  getting  to  a safe  area  were  assuaed  to  be  picked  up  by 
the  SAR  force).  . 

Possible  cast  savings  for  the  SAR  operations  when  Interfaced  with 
the  AERCAB  were  not  evaluated  In  this  study.  A more  conclusive  judgment 
as  to  the  cost  effectiveness  of  the  AERCAB  concept  could  be  reached 
through  conducting  an  economic  analysis,  uhfch  would  identify  the  aost 
efficient  means  of  securing  a particular  objective  from  among  several 
alternatives. 
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2.  COHaUOING  REMARKS 


The  A£RCA8  concept  represents  i radical  departure  from  conventional 
ejection,  escape,end  rescue  tactics.  It  Is  unique  In  that  it  provides 
a neans  for  both  escaping  fro*  a Tethally  damaged  aircraft  and  escaping 
(flying)  from  the  particular  locale  where  the  ejection  took  place.  This 
capability  by  Itself  Is  desirable;  however,  the  vehicle  to  accomplish 
It  Involves  complex  engineering  and  the  Implementation  of  the  concept 
Into  the  Inventory  requires  significant  changes  to  the  established 
methods  of  performing  rescue.  Operational  tradeoffs  should  be  conducted 
to  provide  a better  evaluation  of  the  advantages  and  disadvantages  of 
the  AERCA8  as  compared  to  other  approaches  for  achieving  the  sale  or 
slillar  capability. 
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APPENDIX  t 

At  H CAB  CONFIGURATIONS 

Fusibility  studies  have  bun  conducted  on  proposed  AERCAB 
configu-ations  incorporating  the  Parawing,  Rotor,  Sailwing,  and  Rigid 
Ming  lifting  surfaces.  A£RCAB/a  rcraft  integration  studies  were 
accomplished  which  indicated  that  Installation  from  a volime  and  weight 
standpoint  was  potentially  feasible  for  an  AERCAB  with  performance 
capabilities  of  SO  nautical-rile  range  and  100-knot  airspeed.  In  addition, 
any  p-o posed  AERCAB  configuration  oust  be  capable  of  automatically 
controlled  flight  to  rescue  Incapacitated  pilots. 

Following  the  feasibility  studies,  aodels  were  'ab-icated  and 
experimental  tests  of  the  four  configurations  were  conducted. 

1.  PARAWING  CONFIGURATION 

Based  on  an  extensive  parametric  design/perforoance  analysis, 
we  decided  a conical  parawing  AERCAB  configuration  as  shown  in  Figure  26, 
a feasible  approach.  The  wing  is  formed  by  a telescoping  center  keel 
and  two  telescoping  leading  edge  boons  covered  with  a nylon  fabric 
lifting  surface.  The  parawing  is  rigidly  coupled  to  the  ejection  seat, 
with  an  articulated  linkage  for  stowage  and  deployment.  A face-down 
flight  attitude  was  selected  for  the  pilot  because  it  offered  the 
advantages  of  reduced  system  drag  and  minima  engine  thrust,  simplified 
parawing  deployment,  and  safe  separation  of  the  crewman  from  the  seat 
at  anytime  during  the  flight.  Due  to  the  flight  attitude,  the  engine 
can  be  rigidly  attached  to  the  seat  back  in  its  flight  position,  thus 
eliminating  the  need  for  eng're  deployment.  The  fuel  cells  are  mounted 
on  the  outboard  sides  of  the  sut  structure.  The  retracted  and  folded 
parawing  structure  is  stowed  behind  the  seat.  Figure  27  is  a cross 
section  of  the  stowed  parawing  ,ystem.  When  the  parawing  AERCAB  is 
ejected  from  the  aircraft,  a drogue  parachute  deploys  to  provide 
stabilization  and  deceleration.  A drogue  br'dle  is  then  released  and 
the  drogue  force  rotates  the  seat  Into  its  face-down  flight  attitude.. 
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After  a preset  tine,  the  parawing  Is  e ected  above  the  back  of  the  seat 
end  the  telescoolng  keel  and  leading  edge  boons  are  extended  via 
compressed  air  and  pneunatic  actuators-  Flight  control  is  achieved  by 
regulating  the  wing  angle  In  pitch  and  roll  to  control  altitude  and 
direction.  Speed  can  be  controlled  by  throttling  of  the  engine. 

The  experimental  tests  conducted  on  the  Parawing  configuration  have 
included  one-half-scale  wind-tunnel  aerodynamics,  full-scale  powered 
flights.  Jet-car  deplo/£*nts,  full-scale  wind-tunnel  deployments,  and 
air  drop  deployments.  The  confined  results  of  these  test  programs  have 
proven  the  technical  feasibility  of  the  parawing  AERCAB  configuration. 

The  complete  sequence  of  events  for  an  operational  parawing  ACRCA8  has 
been  demonstrated  with  the  exception  of  the  aircraft  ejection  phase. 

This  was  not  attempted  due  to  lack  of  a sufficiently  sized,  readily 
available  rocket-catapult  system.  This  phase  of  the  AERCA3  sequence  is 
not  considered  critical  to  the  feasibility  evaluation  of  a particular 
configuration. 

2.  ROTARY  WING  CONFIGURATION 

The  rotarv  wing  approacr  to  the  AERCAB  concept  is  a coirpa-t. 
deployable  autogyro  (see  Figure  26).  The  rotor  is  a two-bladed,  two- 
section  telescoping  system  w***ch  stem's  behind  the  seat.  The  propulsion 
system  (turbo  fan)  stows  behind  the  seat  headrest,  between  the  rotor 
blades  and  the  seat.  A self-sealing  fuel  tank  is  under  the  seat  p«n. 

A cataoult  thruster  and  a sustainer  rocket  are  instilled  in  a continuous 
tube  which  is  noun ted  to  the  seat  back  and  serves  as  the  primary  structure. 
The  two  vertical  tall  surfaces  stow  at  the  sid#s  of  the  seat  bucket. 

The  stowed  rotary  wing  configuration  is  shown  in  Figure  29. 

After  the  AERCAB  is  ejected  and  rocket-boosted  to  clear  the  airc*aft, 

• dr^g^e  parachjte  deploys  and  pulls  the  rotor  blades  and  rotor  support 
arm  aft  and  upward  to  a trail  position,  while  the  seat  is  rotated  „ft 
to  a horizontal  attituoe.  After  the  deployment  latch  bolt  explodes, 
the  drogue  parachute  activates  a linkage  which  cones  the  teetering/ 
flapping  hinges  outward  and  gives  the  trailing  blades  sweep  and  pitch. 
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As  aerodynamic  force  spins  up  the  rotor,  centrlfugel  action  extends  the 
two- section  blades  to  their  full  length.  The  s/s ten  decelerates  to  a 
lower  velocity,  the  coning  restraint  Is  released,  and  the  rotor  is 
allowed  to  cone  at  a lower  equilibrium  angle.  Further  deceleration 
occurs  and  the  vehicle  pitches  Into  vertical  descent.  The  stowed  engine, 
the  tail  surfaces,  and  the  rotor  support  ana  are  then  deployed  to  their 
flight  positions  with  a pyrotechnic  device,  cocpleting  the  transition  to 
an  autogyro  flight  vehicle.  Figure  30  Illustrates  the  deployment 
sequence,  which  is  similar  for  all  configurations. 
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The  rotor  is  a direct  tilt,  two-bladed  rotor  with  coinciding 
teetering/flapping  hinges  and  secondary  delta-3  flapping  hinges  which 
are  used  for  deployment  and  for  initial  governing  In  the  coned  cnmflg- 
uvation.  The  two-section  telescoping  blades  are  alaainua  alloy  bonded 
with  epoxy  resin.  The  rotor  diameter  is  determined  by  the  space  available 
behind  the  ejection  seat  for  stowage.  A tradeoff  exists  between  the 
advantages  of  a larger  diameter  and  the  complexity  of  telescoping  the 
blades.  For  nontelescoping  blades,  the  largest  diameter  possible  is 
8 feet,  which  results  In  a disc  loading  even  higher  than  that  normally 
used  for  helicopters.  High  descent  rate  and  critical  handling  ante  this 
diameter  unacceptable  for  AEkCAB.  The  14-foot-dlaneter  rotor  selected 
for  AERCAB  is  the  largest  that  could  be  stowed  within  the  cockpit  when 
using  two-section  blades.  The  maxima  chord  site  is  8 Inches,  idildi  is 
used  for  the  inboard  blade.  The  outboard  blade  Is  7 Inches.  The  rotor 
is  designed  for  a normal  operating  speed  of  920  RFH,  wbi*h  gives  a tip 
speed  of  675  feet  per  second.  Sasic  control  Is  provided  through  pitch 
and  lateral  direct  tilt  of  the  rotor  and  weather-cocking  of  the  vertical 
tail  surfaces. 

The  experimental  tests  conducted  on  the  rotor  AtRCAB  Include  full- 
scale  wind  tunnel,  and  jet-powered  manned  free  flight.  The  experimental 
tests  have  demonstrated: 

(a)  Decelerator  node  rotor  operation  at  speeds  up  to  180  knots. 

(b)  ho cor  deployment  and  operation  on  the  seat  at  160  knots. 
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(c)  Conversion  from  decelerator  to  flight  vehicle  configurations. 

(d)  Autogyro  node  roto-  operation  at  speeds  up  to  110  knots. 

(e)  Predicted  prelininary  design  performance. 

(f)  Manned  flight  of  the  rotor  lift  system. 

(g)  Stable  controllable  rotor  and  vehicle  behavior. 

(h)  Rotor  lift  capability  of  700  pounds  - 145  over  design  need 

(i)  Flight  at  above  normal  autogyro  disc  loading  - 4.E  vs.  2.0 
(i)  Flight  of  trainer  prototype 

With  these  flights,  this  AERCAB  vehicle  became  the  world's  first  manned 
turbine-powered  autogyro  and  the  first  autogyro  to  fly  with  telescoping 
rotor  blades. 

Demonstration  of  full-flight  deployment  and  transition  is  being 
prepared,  which  is  the  final  experimental  feasibility  demonstration  phase. 


3.  SAIIWING  ^FIGURATION 

The  Sailwing  configuration  consists  basically  of  a seat,  tail  boons, 
wing.  Jet  engine,  and  an  inflatable  nose  fairing.  The  seat  forms  the 
baste  structure  for  the  entire  vehicle.  Figure  31  Illustrates  the 
deployed  Sailwing  and  Figure  32  shows  the  same  system  stowed. 

The  nose  fairing  is  a double-walled  inflatable  structure  that  stows 
when  deflated  under  the  pilot's  legs  against  the  front  of  the  seat.  The 
seat  is  of  conventional  design.  Including  catapult  thrusters  and  sustainer 
rockets.  A high-bypass  fan-jet  engine,  which  stows  under  the  seat,  is 
used  for  propulsion.  The  wing  folds  once  at  the  midpoint  of  the  semispan 
and  then  hinges  at  the  wing  root  to  fold  against  the  tail  boon  assembly. 
The  tail  boom  assembly  consists  of  three  telescopic  tubes,  of  which  the 
inner  tube  is  the  eepennage  asseebly.  The  tail  boom  is  attached  by  a 
hinge  to  the  lower  rear  portion  of  the  seat  and  is  supported  by  a folding 
diagonal  brace  attached  to  the  upper  rear  portion  of  the  seat.  The 
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assembly  stows  by  telescoping  to  a «-foot  neigrt  and  folds  against  the 
back  of  the  seat. 

The  rose  fa'ring  protects  the  occupant  from  the  airstrear  and 
presides  a low  drag  profile  for  the  vehicle.  The  fairing  fores  a closed 
egg-shaped  nose  fer  the  fuselage  and  Is  supported  by  a tubular  framework 
that  extends  forwaro  fro®  the  seat.  The  closed  air  space  In  the  fabric 
is  Inflated  with  pressurized  air  from  a tank  in  the  seat  to  provide  shape 
and  rigidity. 

The  seat  structure  Is  of  conventional  ejection  seat  construction  and 
foms  tin!  basic  structure  for  the  vehicle.  Attachment  points  are 
provided  for  the  catapult  tubes,  the  pivot  points  for  tne  engine  frame 
and  torque  bar  that  drives  the  nose  fairing  structure  and  the  attachment 
points  for  the  tail  boon  assembly.  The  space  between  the  side  teebers 
is  open  on  the  front  side  and  will  be  filled  by  the  pilot's  parachute. 

The  space  above  the  upper  cross  nevber  fores  the  headrest  into  which  the 
drogue  chute  is  stowed. 

The  tail  boom  consists  of  three  tubular  telescoping  sections  that 
allow  the  booo  to  fit  within  the  confines  of  the  aircraft  cockpit  when 
retracted  and  position  the  tall  surfaces  far  enough  aft  for  aerodynamic 
stability  when  extended.  The  tall  structure  is  of  conventional 
configuration,  but  uses  the  Princeton  sailwing  concept. 

The  wing  is  designed  after  the  Princeton  sailwing  principle..  The 
structure  is  supported  on  the  leading  edge  and  tip  by  a rigid  spar  and 
along  the  trailing  edge  by  a tensioned  wire;  it  is  covered  over  on  the 
top  and  bottom  with  a dacron  sailcloth  fabric..  King  lift  is  gained  from 
the  predictable  deformation  of  the  fabric  between  the  leading  edge  and 
the  tensioned  trailing  edge  catenary.  The  main  supporting  structure  of 
the  wing  is  the  spar  which  fores  the  contour  of  the  leading  edge..  This 
spar  folds  in  the  middle  and  is  hinged  at  the  root,  which  allows  it  to 
fold  inward  and  backward,  parallel  to  the  fuselage  centerline.  The 
Internal  voltae  of  the  leading  edge  spar  and  tip  1$  used  for  fuel  storage. 
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The  experimental  tests  conducted  on  the  Sailing  configuration  have 
Included  structural  ar.d  functional  testing  in  the  laboratory,  sal  1 wing 
semispan  wind  tunnel  testing,  full-scale  vehicle  wind  tunnel  testing 
(aerodynamic  and  deployment)  and  full-scale  deployments  frcn  a aovlng 
truck.  Powered  nanned  flight  tests  and  air-drop  deployment  tests  are 
planned. 

4.  DEPLOYABLE  RIGID  WING  CONFIGURATION 

The  deployable  Rigid  Wing  AERCAB  configuration  (see  Figure  33) 
employs  a unique  technique  for  folding  and  stowing  the  all-metal  liftlrg 
surface.  The  complete  vehicle  consists  of  the  same  baste  subsystems  as 
are  found  on  the  other  configurations;  the  priury  differences  appear 
in  the  lifting  surface  and  propulsion  system.  The  wing  is  forced  by 
three  sections  of  approximately  equal  length,  the  root,  center,  and  tip. 
Each  section  consists  of  two  segnents,  a leading  edge  G-spar  and  a hinged 
trailing  edge.  This  unique  design  allows  the  deployed  spanwise  dimension 
of  84  inches  to  be  reduced  to  49  inches  when  stowed,  and  the  deployed 
chordwise  dloensionof  30  inches  to  be  reduced  to  14  inches  when  stowed, 
which  are  reductions  of  approximately  42  and  53  percent,  respectively. 
These  reductions  are  accomplished  by  folding  the  trailing  edge  segnents 
outboard  to  w position  adjacent  to  the  rear  edge  of  the  D-spar.  The  tip 
section  and  its  trailing  edge  segnents  then  slide  into  the  D-spar  of  the 
center  section.  Both  of  these  sections  then  slide  into  the  D-spar  of  the 
root  section. 

The  wiog  is  deployed  by  means  of  pneusatic  actuators.  Detent  leek 
pins  are  employed  at  the  two  spanwise  wing  joints  in  each  semi span  to 
lock  the  wing  in  full  deployment  position  once  that  condition  is  achieved. 

Another  unique  feature  of  this  wing  is  that  an  aileron  is  Included 
as  part  of  the  telescoping  tip  sections.  The  aileron  is  mechanically 
and  structurally  capable  of  plus  or  minus  25-degrees  defection. 
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T he  propulsion  system  Is  composed  of  the  engine  installation, 
pusher  propeller  unit,  and  dri.*  train  assetbly.  A rotating  combustion 
engine  Is  employed  In  this  design.  It  is  a two-bar.k  liquid-cooled, 
gasoline- fueled  engine,  and  rotates  at  10.000  MW.  The  pusher  propeller 
is  a three-hladed  folding  unit.  A brake  is  activated  to  stop  the 
propeller  prior  to  sian/seat  separation  at  the  ccnpletlon  of  the  A£RCA8 
flight. 

The  tall  assexbly  of  the  Rigid  Ring  A£RCAB  is  comprised  of  the  tall 
booa  unit,  propeller  hub  and  transmission,  seat-to-booe  fairings, 
inverted  V-tall  surfaces,  drogue  chute,  and  the  tall  unit  deployment 
cable  assembly.  A fabric  tall  boom  fairing  is  provided  to  laprove 
propeller  efficiency  as  veil  as  reduce  seat  drag.  The  tuo  tail  surfaces, 
vhlch  comprise  the  empennage,  employ  the  same  folding  trailing  edge 
structure  as  does  the  vlng.  These  tail  surfaces  are  movable  and  capable 
of  differential  and/or  collective  control  input  for  the  rudder  and 
elevator  functions,  respectively.  A drogue  chute  is  connected  to  the 
deployment  cable  assembly  and  Is  usee  to  deploy  the  tail  unit  and  actuate 
wing  deployment. 

Limited  experimental  testing  of  this  configuration  has  been 
accoroKshed.  A wing  sealspan  was  tested  in  a low  speed  wind  tunnel 
subsequent  to  extensive  functional  and  structural  testing  in  the 
laboratory.  A full-scale  Rigid  Ming  AIRCAJ  was  tested  in  a wind  tunnel 
for  acquisition  of  flight  configuration  aerodynanics.  Successful 
deployments  have  been  achieved  under  wind  tunnel  test  conditions  up  to 
ISO  knots  airspeed.  Plans  are  formulated  to  continue  investigation  of 
this  configuration  through  completion  of  free  flight  and  air  drop 
deployment  testing. 
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APPENDIX  II 

NAVAL  P1SCT  REPLACEMENT  COSTS 

This  appendix  Is  i shortened  version  of  a rerorandun  from  the  Naval 
Air  Tevelopnent  Center,  At*-  Vehicle  ’echnology  Department,  in  resperse 
to  a request  for  Information  concerning  pilot  replacement  costs.. 

V I cost  to  the  government  of  losing  the  pilot  from  an  attack  or 
fighter  aircraft  is  the  sun  of  the  costs  for  replacing  him  »ith  another 
equally  qualified  pilot,for  attempting  to  rescue  him,  and  associated 
uith  his  dea*’-  or  interment..  The  amounts  and  description  of  Naval  Pilot 
and  Flight  Officer  training  costs  are  reaoily  available  in  ‘Officer 
Personnel  Colts.”  Naval  Personnel  Research  and  Development  Laboratory, 
NOS  71-4,  J.  II.  Clary  and  J.  T.  Creaturo,  March  1071 . This  cata 
represents  the  toul  cost  through  4-1/2  years  after  a pilot  is  designated 
as  Naval  Aviator,  or  3-1/2  years  after  Naval  Flight  Officer.  At  this 
point,  a pilot  Mill  have  completed  Primary  Flight,  Basic  Jet.  Advanced 
Jet.  and  CorOat  Readiness  Air  King  (CRAW)  training  plus  training  in 
operational  squadrons.  The  cost  3iven  for  an  A- 7 pilot  updated  to  1973 
dollars  is  $651,870.  Table  V give:  the  cost  breakdown  for  an  NRGTC-R 
pilot  for  on  A-7  aircraft,  and  Table  VI  for  pilots  of  other  aircraft. 

The  annual  cost  of  manning  an  established  operational  Navy  pilot 
billet  is  obtainable  from  'Navy  Military  Manpower  Billet  Cost  Data  for 
Life  Cycle  Planning  Purposes,”  KAVPERS  15163,  Personnel  Systems 
Research  Branch,  Personnel  Research  Division,  April  1972.  Manpower 
costs  are  computed  from  initial  procurement  to  the  end  of  retirement 
and  charged  to  an  active  duty  base  of  25  operational  billet  years. 

*Down”  costs  of  prisoners,  who  are  in  a nonoperatio.al  status,  are 
included  but  are  difficult  to  separate  due  to  the  method  in  which  they 
are  charged  to  the  active  billet  duration.  Certainly  the  salaries  for 
prisoners  of  war  nust  be  included  in  overall  costs,  in  addition,  future 
costs  such  as  retirement,  rehabilitation,  and  medical  treatment  should 
be  Included.  They  were  not  Included  in  this  study,  so  the  costs  cited 
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TABLE  V (contd) 

Medical 

$735 

Total  I*ostcootiiss1oninq  Costs 

$636,699 

Total  Cost  through  4-1/2  yr  period 
after  designation  as  Naval  Aviator 

$651,870 

TABLE  VI 

USB  PILOT  REPLACEMENT  COSTS 

Tottl  cost  through  4-1/2  years  after  designation  as  Naval  Aviator  for 
RWIC-R  pilots. 

A/C  TOTAL  COST  (1973$) 

A-3  $421,034 
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here  will  be  on  the  low  side.  Assuring  that  the  pilot  is  a Lieutenant 
(USh)  with  over  four  years  of  service,  and  that  he  remains  a PCU  for 
three  years,  Ms  salary  will  total  $52,230  (in  1973  dollars). 


Costs  of  search  and  rescue  attempts  should  also  be  Included.  These 
costs  were  assessed  in  'Cost  Effectiveness  of  the  Combat  SAP  System' 
study  conducted  by  USAF/ARRS.  This  effort  quartltlted  the  average  cost 
per  save  as  $57,140  (1969$)  which  updates  to  $70,510  (1973$),  Some  of 
the  lost  pilots  will  be  down  In  locations  froa  which  no  rescue  is 
attempted.  Hany  will  be  down  In  contested  areas,  resulting  in  large 
mmbers  of  rescue  fortes  being  c omitted  to  the  rescue  atteupt  and  costs 
far  in  excess  of  the  average.  Therefore,  the  average  cost  for 
unsuccessful  rescues  is  assuued  to  be  the  same  as  lor  successful  rescues. 


This  rationale  Indicates  that  the  cost  of  a pilot  becoming  a prisoner 
of  war  is  on  the  order  of  $775,000.  These  costs  are  real,  tangible,  and 
can  be  approximated.  In  Southeast  Asia,  however,  the  intangible,  but 
real,  costs  of  POM  pilots  dwarfed  these,  since  the  prisoners  of  war 
became  a political  issue.  If  a rescue  system  had  existed  which  could 
have  prevented  our  alrcrewmen  from  becoming  prisoners,  the  war  might 
have  terminated  aaich  earlier.  From  this  point  of  view,  the  cost  of  lost 
aircrew*^  wculd  be  staggering. 
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